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General Information 


Alphabetic Index of Types 

Summary of NPN Transistors 
Summary of PNP Transistors 
Technical Information 


Alphabetic Index of Types 


Type Page Type Page 
BC 107 AandB 84 BCY 58A...D 72. 
BC 108 A, B and C 34 BCY 59A...D 72 
BC 109B andC 34 
BCY 78A...D 336 
BC 140-6, -10 and -16 46 BCY 79 A, B and C 336 
BC 141-6, -10 and -16 46 
. BD 106 A andB 264 
BC 160-6, -10 and -16 294 BD 107 AandB 264 
BC 161-6, -10 and -16 294 
| BD 135 268 
BC 170A,B andC 52 BD 136 384 
BC 171 AandB 34 BD 137 268 
BC 172 A,B andC B34 BD 138 384 
BC 173 B andC 34 BD 139 274 
BC 174A andB 34 BD 140 390 
BC 190A andB 34 
BD 306 A and B 280 
BC 192 300 BD 307 A and B 280 
BDY 15 A, B and C 284 
ae pte pas ‘ 6 BDY 16 A and B 284 
BC 239 B and C 34 BF 120 999 
BC 250 A, Band C 302 ater a 
BF 123 228 
BC 251 A, B and C 306 
BF 125 232 
BC 253 A, B and C 306 
BC 256 A and B 306 BE 137 240 
BC 260 A, B and C 302 
BC 261 A, B and C 306 a ee ae 
BC 262 A, B and C 306 . 
BC 307 A, B and C 306 BF 257 256 
BC 308 A,B andC 306. BF 258 256 
BC 309 A, B and C 306 BF 259 256 
BC 327 316 BF 324 
BC 328 316 | oC 
BF 450 378 
Be oor ao BF 451 378 
BC 338 54 
BC 340-6, -10 and -16 60 BFY 39 -1, -2 and -3 80 
BC 341-6 and -10 60 
BSW 72 344 
BC 360-6, -10 and -16 322 _ BSW73 344 
BC 361-6 and -10 322 BSW 74 344 
BSW 75 . 344 
BC 413BandC 64 
BC 414BandC 64 BSW 82 84 
BSW 83 84 
BC 415 A,B andC 326 BSW 84 84 
BC 416A, B andC 326 BSW 85 84 


Alphabetic Index of Types 


2 
2 N 1893 196 
BSY 53 108 
BSY 54 116 2N 2218 200 
BSY 55 124 2N 2218A 202 
BSY 56 130 2 N 2219 200 
2N 2219A 202 
BSY 79 136 2N 2221 204 
2N 2221A 206 
BSY 81 138 2 N 2222 204 
BSY 82 142 2N 2222 A 206 
BSY 83 146 
BSY 84 150 2 N 2368 208 
BSY 85 154 2 N 2369 212 
BSY 86 158 2N 2369A 214 
BSY 87 162 2 N 2904 350 
BSY 88 168 2N 2904A 352 
BSY 90 174 2 N 2905 350 
2N 2905A 352 
2 N 2906 : 354 
2N 2906 A 356 
2 N 2907 354 
2N2907A 356 
2 N 3055 286 
2 N 3962 358 
2 N 3963 358 
2 N 3964 358 
2 N 4030 368 
2 N 4031 370 
2 N 4032 368 
2 N 4033 370 


Summary of NPN Transistors 


AF transistors for high-quality AF and DC amplifiers 


in metal case JEDEC TO-18 in plastic case ~TO-92 
BC 109, 2 N 929, 2 N 930 BC 173, BC 239, BC 413, BC 414 


AF general purpose transistors for switching and amplifier applications 


in metal case JEDEC TO-18 


BC 107, BC 108, BC 190, BCY 58, BCY 59, BFY 39, 
BSW 82... 85, 2 N 2221, 2 N 2221 A, 2 N 2222, 2 N 2222 A 


in plastic case ~TO-92 
BC 170, BC 171, BC 172, BC 174, BC 237, BC 238, BC 337, BC 338 


in metal case JEDEC TO-39 (~TO-5) 


BC 340, BC 341, BSY 51...56, BSY 87, BSY 88, BSY 90, 
2N 1618, 2 N 1711, 2 N 1893, 2 N 2218, 2 N 2218 A, 2 N 2219, 2 N 2219 A 


AF general purpose transistors for switching and amplifier applications 
at higher collector currents 


in metal case JEDEC TO-39 (~TO-5) with solid header 
BC 140, BC 141, BSX 22, BSX 23, BSY 81... 86 


AF power transistors for switching and amplifier applications 


in metal case SOT-9 in metal case JEDEC TO-3 
BD 106, BD 107, BDY 15, BDY 16 2 N 3055 


in plastic case SOT-32 
BD 135, BD 137, BD 139, BD 306, BD 307 


Switching transistors for high-speed switching applications 


in metal case JEDEC TO-18 
2 N 2868, 2 N 2369, 2 N 2369 A 


Transistors with high collector emitter voltage for video amplifiers, 
Nixie-drivers and preamplifier to line output tubes in TV sets 


in metal case JEDEC TO-18 in metal case JEDEC TO-39 (~TO-5) 
BF 120, BSW 79 BF 137, BF 257, BF 258, BF 259 


High frequency transistors for RF and IF amplifiers 


in plastic case 50 B 4 in plastic case ~TO-92 
BF 121, BF 123, BF 125, BF 127 BF 198, BF 199, BF 240, BF 241 
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Summary of PNP Transistors 


AF transistors for high-quality AF and DC amplifiers 


in metal case JEDEC TO-18 in plastic case ~TO-92 
BC 263, 2 N 3962, 2 N 3963, 2 N 3964 BC 253, BC 309, BC 415, BC 416 


AF general purpose transistors for switching and amplifier applications 


in metal case JEDEC TO-18 


BC 260, BC 261, BC 262, BC 266, BC 192, 
BCY 78, BCY 79, BSW 72... 75, 
2 N 2906, 2 N 2906 A, 2 N 2907, 2 N 2907 A 


in plastic case ~TO-92 
BC 250, BC 251, BC 252, BC 256, BC 307, BC 308, BC 327, BC 328 


in metal case JEDEC TO-39 (~TO-5) 


BC 360, BC 361 
2 N 2904, 2 N 2904 A, 2 N 2905, 2 N 2905 A 


AF general purpose transistors for switching and amplifier applications at 
higher collector currents 


in metal case JEDEC TO-39 (~TO-5) with solid header 
BC 160, BC 161, 2 N 4030, 2 N 4031, 2 N 4032, 2 N 4033 


AF power transistors for switching and amplifier applications 


in plastic case SOT-32 
BD 136, BD 138, BD 140 


High frequency transistors for RF and IF amplifiers 


in plastic case ~ TO-92 
BF 324, BF 450, BF 451 
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Index of Symbols 

Imaginary part of y-parameters 

Imaginary part of forward transconductance ys 
Imaginary part of input admittance y; 

Imaginary part of output admittance y, 
Imaginary part of reverse transconductance y, 
Base connection 

Imaginary part of generator (source) impedance 


' Capacitance; junction capacitance; collector connection 


input capacitance (b;/2 x f) 

Output capacitance (b,/2 xf) | 
Collector base capacitance (open emitter) 
Emitter base capacitance (open collector) 
Feedback capacitance (b,/2 xf) 

Emitter connection 

Frequency 

Gain bandwidth product 

Noise figure 

Real part of y-parameters 

Real part of forward transconductance y; 
Real part of input admittance y; 

Real part of output admittance y, 

Real part of reverse transconductance y, 
Current gain 

Power gain 

Available power gain 

Max. available power gain 

Voltage gain 

Parameters of A- (hybrid) matrix 

Small signal current gain 

Input impedance 

Output admittance 

Reverse voltage transfer ratio 

DC current gain, common emitter 

Base current 

Peak base current 

Turn-on current 

Turn-off current 

Collector current 


Technical Information 


Icay Average collector current 

IcBo Collector base cutoff current (open emitter) 

IcEo Collector emitter cutoff current (open base) 

ICER Collector emitter cutoff current (specified resistance 

. between base and emitter) 

ICES Collector emitter cutoff current (base short-circuited to 
emitter) 

Icev Collector emitter cutoff current (specified voltage 
between base and emitter) 

Icom Peak collector current 

le Emitter current 

leBo Emitter base cutoff current (open collector) 

Ky Thermal resistance correction factor 

Prot Power dissipation 

Pp Continuous power dissipation 

P; Pulse power dissipation 

rp + Ce Collector base time constant 

riha Pulse thermal resistance junction to ambient air 

the Pulse thermal resistance junction to case 

R Resistance; resistor | 

Ree Resistance between base and emitter 

Re Generator impedance; source impedance 

RG opt Optimum (matched) generator resistance 

Ri Load resistance 

Rt opt Optimum (matched) load resistance 

Rs Series resistance 

Rth Thermal resistance 

Rtha Thermal resistance junction to ambient air 

Rithe Thermal resistance junction to case resp. mounting base 

Rincvs Thermal resistance case or mounting base to heat sink 

Rins Thermal resistance heat sink to ambient air 

t Time | 

ty Delay time 

ty Fall time 

lott Turn-off time (t; +t) 

oe Turn-on time (tg+t,) 

to Pulse time 

t, Rise time 

ts Storage time 

total Total switching time (ton + toss) 
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Technical Information 


VBE 

VBE sat 
V(BR)CBO 
V(BR)CEO 
V(BR)CES 


V(BR)EBO 
Voce 
Vcso 
Vcc 
Vce 
Vceo 
VcER 


Vces 
VcE sat 
Vcev 
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Temperature; duration of one period 


Ambient temperature 

Case temperature 

Junction temperature 

Storage temperature 

Voltage 

Base supply voltage 

Base emitter voltage 

Base emitter saturation voltage 

Collector base breakdown voltage (open emitter) 
Collector emitter breakdown voltage (open base) 


Collector emitter breakdown voltage 
(emitter short-circuited to base) 


Emitter base breakdown voltage (open collector) 
Collector base voltage 

Collector base voltage (open emitter) 

Collector supply voltage 

Collector emitter voltage 

Collector emitter voltage (open base) — 


Collector emitter voltage (specified resistance 
between base and emitter) 


Collector emitter voltage (emitter short-circuited to base) 


Collector emitter saturation voltage 


Collector emitter voltage (specified voltage 
between base and emitter) 


Emitter base voltage (open collector) 
Emitter supply voltage 

Parameters of y- (admittance) matrix 
Forward transconductance 

Input admittance 

Output admittance 

Reverse transconductance 

Input impedance 

Output impedance 

Phase angle of y-parameters 
Storage time constant _ 

Duty factor (t,/T) 


Technical Information 


Characteristics and Maximum Ratings 


The electrical performance of a semiconductor device is usually ex- 
pressed in terms of its characteristics and maximum ratings. 


Characteristics are those which can be measured by use of suitable 
measuring instruments and circuits, and provide information on the per- 
formance of the device under specified operating conditions (at a given 
bias, for example). Depending on requirements, they are quoted either as 
typical values or guaranteed values. 


Typical values are expressed as figures or as one or more curves, and are 
subject to spreads. 


Guaranteed values are preceded either by the symbol > (greater than) 
or < (less than); sometimes the guaranteed spread limits are indicated 
by the numbers with three dots between them. Occasionally a typical 
Curve is accompanied by another curve, this being a 95 %, or, in a few 
cases, a maximum spread limit curve. 


Maximum Ratings give the values which cannot be exceeded without risk 
of damage to the device. Changes in supply voltage and in the tolerances 
of other components in the circuit must also be taken into consideration. 
No single maximum rating should ever be exceeded, even when the de- 
vice is operated well within the other maximum ratings. The inclusion of 
the word “admissible” in a title means that the associated curve defines 
the maximum ratings. 


An exception to this rule are data on collector current. The collector 
current, quoted as one of the critical transistor values, is a maximum 
value recommended by the manufacturer which should be noted in con- 
nection with the other characteristics valid for this collector current 
(e.g. collector and saturation voltages, current gain etc.) when selecting 
a transistor. In certain cases, the quoted collector current may be 
exceeded without the transistor being destroyed. The absolute limit for 
the collector current is determined by the maximum admissible power 
dissipation of the transistor. 
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Technical Information 


Assembly and Soldering Instructions 


To prevent transistors from being damaged during mounting, observe 
the following points: 


The leads must under no circumstances be bent immediately adjacent to 
the glass seals. Material stresses set up in this way may produce cracks 
in the glass, often only after a certain delay, and may lead to the 
destruction of the component. The point at which leads are bent should 
not be less than 2 mm away from the glass seal. 


All semiconductor devices are extremely sensitive to their maximum 
admissible junction temperature being exceeded. When planning the 
layout of the equipment, the distance between heat sources and semi- 
conductor elements should be sufficiently large. 


Semiconductor elements may be mounted in any desired position. 


From the experience gained in soldering semiconductor elements the 
following rules have emerged: 


When bit-soldering at copper bit temperatures from 230...250°C, the 
soldering time should not exceed 5 s. The distance between soldered 
joint and glass seal should be at least 5 mm. For leads shorter than 5 mm 
additional heat dissipation must be provided, for example, by means of 
a cooling clip. 


When dip-soldering printed circuits, the temperature of the soldering 
bath should not exceed 240°C. If the distance between soldered joint 
and mounting surface or glass seal is at least 5 mm the maximum dipping 
‘time is 10 s. For leads of 3 mm fength, the maximum dipping time is 
restricted to 5s. 


For transistors in plastic cases the maximum soldering time ist 8 s, at 
soldering temperatures between 230 and 260°C. Here, the distance 
between soldered joint and case should be at least 4 mm. During solder- 
ing, the leads should not be subjected to mechanical stress. Types 
BF 121 ... BF 127 in the 50 B 4 plastic package may be mounted on 
printed circuits in such a way that the plastic case rests on the circuit 


board. 
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Technical Information 


Admissible Power Dissipation mW 


The indicated maximum admis- 
sible junction temperature must 
not be exceeded because this 


could damage or cause the de- 400 

struction of the transistor crystal. Prot hee a 
Since the user cannot measure 

this temperature, data sheets BEAR CRESES 
also reveal the maximum admis- 300 N 
FANE 


sible power dissipation Pio} usu- 
ally in the form of a derating 
curve (see diagram). 


WOON Ee 
t poner desnsion sxostwine “TTT NTT EL 


in these limits the maximum junc- 
tion temperature will not be 


exceeded. This can easily be 100 Z SERGE EaR 
checked by using the equation AHH 


qT; — Tamb af Prot A Rth 


For the thermal resistance Ri, the junction to ambient thermal resistance 
Rina is usually substituted in the case of small transistors (in the TO-18, 
TO-39 or TO-92 package). In the case of power transistors (in the TO-3, 
SOT-9 or similar packages) which are usually mounted on a cooling fin 
or heat sink for the purpose of heat dissipation, the sum of the junction 
to case thermal resistance Rinc plus the heat sink to ambient thermal 
resistance Rins plus — for more accurate calculations — the mounting 
surface to heat sink thermal resistance is substituted for the thermal 
resistance in this equation. In 
order to keep the mounting sur- 
face to heat sink thermal resist- Ww 
ance low, a heat conducting com- 9 
pound (silicone grease) is to be 
applied to the mounting surface 
before the transistor is screwed 


on. If a mica insulation is used, Boat 4 SEER aeeE 


the thermal resistance of the a a 
mica washer must be added devi N 

‘ @) 
which amounts to about 0.5 °C/W. ; ee NP ey | 
pat Nees | 
Patent th 
tot FE 1-} A 
Pei 
PN | 


Directions for determining the 
thermal resistance Rips for cool- 
ing fins can be found on page 20. 2 


Since the distribution of heat in 

the transistor crystal is not uni- 

form and depends on voltage u 
and current, some_ transistors 

are accompanied by derating 

curves showing Pi. as a func- 

tion of Tc and Tamb with the col- ar 
lector voltage Vce as parameter 

(see diagram). 
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Technical Information 


For some power transistors the 
data sheets also contain a dia- 
gram giving “admissible collector 
current” or “permissible oper- 
ating range” which gives. further 


information on admissible power | 


dissipation. One example is illus- 
trated in the diagram. 


These diagrams are based on 
continuous power dissipation. 
_ However, pulse power dissipation 
may usually exceed continuous 
power dissipation. To ascertain 
maximum admissible pulse power 
dissipation P;, reference is made 
to the pulse junction to case 
thermal resistance rinc or the 
pulse junction to ambient thermal 
‘resistance rina Whose value can 
be derived from the rn = f(tp) 
diagram as illustrated below. 


Use the equation 
Tj; = Tamb + Pi-rtha 


or, if the continuous power dissi- 
pation Pp is to be taken into 
consideration: 


Tj = Tamb + Po: Rtha + Pi: rtha 


If the transistor is mounted on a 
cooling fin then the equation 
becomes: 


Tie Tamb Pitot Rins + Pi rine 


wherein Pio is the mean value of 
the pulse power dissipation P). 
Where continuous power dissi- 
pation must be considered in 
addition, the equation is expand- 
ed accordingly: 


Tj = Tamb + Ptot* Rens + 
+ Pp: Rinc + Pi rnc 


wherein Pio; is the mean value of 
the total power dissipation. 


A 2N3055 


ira eciiinivealia 
Temax(continuous) 


PT dah WA 


TI IA ATT 
FH NN Aun 


Prt NN 
a Nl 


107! 
10° 105 104 103 102 107 1 190 02s 
= 


lp 


The thermal resistance and pulse thermal resistance values derived from 
the data sheets apply without limitation -only to small collector emitter 
voltages Vce, between about 5 and 10 V. For higher voltages these thermal 
resistance values have to be multiplied by a correction factor Ky which 
has to be calculated from the previously mentioned derating curves. The 
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Technical Information 


admissible power dissipation Pio: max, applicable to low collector voltages, 
must be divided by the admissible power dissipation Pio+y for the higher 
collector voltage V: 


Prot max 
Kyo ee 
Prot V 


The complete equation for 7; then reads: 


Tj = Tamb + Prot? Rins + Po Kv: Rinc + Pi: Kv° rine 
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Technical Information 


Heat Removal from Transistors 


The operation of any semiconductor device involves the dissipation of 
power with a consequent rise in junction temperature. Because the 
maximum admissible junction temperature must not be exceeded, careful 
circuit design with due regard not only to the electrical, but also the 
thermal performance of a semiconductor circuit, is essential. 


If the dissipated power is low, then sufficient heat is radiated from the 
surface of the case; if the dissipation is high, however, additional steps 
may have to be taken to promote this process by reducing the thermal 
resistance between the junction and the ambient air. This can be achieved 
either by pushing a star- or flag-shaped heat dissipator over the case, or 
by bolting the semiconductor device to a heat sink. 


P, the power to be dissipated, 7; the junction temperature, and Tamp, the 
ambient temperature are related by the formula 


ps Tj aes Toms = ii aa Tamb 
Rtha Rinct+ Rips * 

where Aina is the total thermal resistance between junction and ambient 
air. The total thermal resistance in turn comprises an internal thermal 
resistance Rinc between the junction and the mounting base, and an outer 
thermal resistance Rizs between the case and the surrounding air (or 
any other cooling medium). It should be noted that only the outer thermal 
resistance is affected by the design of the heat sink. To determine the 
size of the heat sink required to meet given operating conditions, proceed 
as follows: First calculate the outer thermal resistance by use of the 
formula 


Tj-T 
Rihs < So — Rinc 


and then, by use of the diagrams shown on next page, determine the size 
of the heat sink which provides the calculated Rips-value. To determine 
the maximum admissible device dissipation and ambient temperature 
limit for a given heat sink, proceed in the reverse order to that described 
above. 


The calculations are based on the following assumptions: Use of a 
squareshaped heat sink without any finish, mounted in a vertical position; 
semiconductor device located in the centre of the sink; heat sink 
operated in still air and not subjected to any additional heat radiation. 
The calculated area should be increased by a fator of 1.3 if the sink is 
mounted horizontally, and can be reduced by a factor of approximately 
0.7 if a black finish is used. 


The curves on the following page give the thermal to ambient resistance 
of square vertical heat sinks as a function of side length. It is assumed 
that the heat is applied at the centre of the square. 
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Technical Information 


Copper Cooling Fin Aluminium Cooling Fin 


0 2 4 6 8 10 12 14 16 18 20cm 0 2 4 6 8 10 12 14 16 18 20cm 
—_——+ Length of edge S ————™ Length of edge S- 


Steel Cooling Fin 


oO 
w 


ee ee ee 
LE 7 
eet I i eal 


a 
= 
a 
fe 
al 
i 
S 
ea 
x 
; 


i Ss 

i el 
SSeS) 
SW 
Bassa 
sii 


0 2 4 6 8 10 12 14 16 18 20cm 
—————~» Length of edge S 
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Technical Information 


Basic Circuits 


There are three basic transistor circuits. They are called according to 
that electrode (emitter, base, eolecten which is common to both input 
and output circuit. 


i } i 
mgt 2 ae igs ee 
iy 
——_ 
"| ( . "| 
Common Emitter _Common Base Common Collector 


Properties of the three basic circuits: 


Common Common Common 


Emitter Base Collector 
Input impedance medium small high 
Output impedance medium high small 
Current gain high less than1 high 
Upper frequency limit low high low 


Four-Pole Symbols of h-Matrix 


A transistor can be considered as an active four-pole network. When 
driven with small low-frequency signals its properties can be described 
by the four characteristic values of the h- (hybrid) matrix, which are as- 
sumed to be real. | 


Transistor 


V1 = h;- i; + hr - v2 


four pole ig = hei; + hove 


vi) i = hy hr 
(7) = (‘.) : a : a 


Technical Information 


Explanation of h-Parameters 


Input impedance (shorted output) (v2 = 0): hoe 7 
Reverse voltage transfer ratio (open input) (/; = 0): h, = 7 
Small signal current gain (shorted output) (v2 = 0): hy = 2 
Output admittance (open input) (/; = 0): ho = 2 


A frequently used abbreviation is the determinant: 
Ah =h;-ho—h,: hy 


For all three basic circuit configurations the circuit illustrated below 
represents the equivalent four-pole circuit using h-parameters. 


In the transistor data sheets the h-parameters are usually quoted for the 
common emitter configuration and for a given operating point (bias). The 
latter is determined by the collector voltage, the emitter or collector cur- 
rent and by the ambient temperature. For different operating points, 
correction factors are needed which can be gathered from the relevant 
curves. For common base or common collector transistor stage cal- 
culations, the appropriate h-parameters are ascertained from those of the 
common emitter configuration by using the following conversion formulas. 


Common Common Common 
Emitter Base | Collector 
Input hie hip = Nees hic = hie 
impedance 1+ Ate 
hie’ hoe 
Reverse voltage Are hy = ————-— Me r= 1—Are 
transfer ratio | 1 + Ate 
, hy 
Small signal hte hy =—- —_————_ ey ee ee 
current gain 1 + Ate ‘ sa 
h 
Output hoe Nob = —— Noe =A 
admittance : 1 + Ate eee 
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Technical Information 


Calculation of a Transistor Stage 


Transistor 


four pole 


Input impedance Aye = i 7 eee 
Output impedance 22 = = Thon aS 
Current gain Gc = a cs SES 
Voltage gain Gy = — = aoe 
Power gain Gp = aes = ao ee 


Max. available power gain Gpmax = 
input and output matched 
with Rc opt resp. Rt opt 


Re opt = 


Four-Pole Symbols of y-Matrix 


Whereas the network behaviour of low-frequency transistors could be 
described by using the h- (hybrid) matrix, the y- (admittance) matrix is 
usually employed for high frequency transistors. 


Transistor 


> 


four pole 


i) =Yyi'vi + yr: ve 
i2 = Yt V1 + Yo: V2 
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Technical Information 


In matrix form we obtain: 


MON? xs Vi _ [Viyr 
(4) (y) (= ) y= (44) 


The y-parameters are complex values which can be expressed as - 


1 
wLix 


Vik = Qik + jbiz with bj. = wi, orwith bi. = — 


Often, the following notation is expedient: 

Vik = | Vik | Exp jpir 

By adding the suffix e, b or c it is possible to indicate to which of the three 
basic circuit configurations the parameters are valid. 


Explanation of y-Parameters 


Input admittance (shorted output) (v2 = 0) Vi = a 
Reverse transconductance (shorted input) (v; = 0) yr = fe 
Forward transconductance (shorted output) (v2 = 0) y= 2 
1 
Output admittance (shorted input) (v; = 0) Yo = s 


The determinant reads Ay = yi: Yo—Yr° Yt 


Conversion from y-Parameters to h-Parameters 


fees rg Le Ah = 42 
Yi Wi Yi 
Fp ina 
Yi Yi 


Transistor 


four pole 


Input impedance Z; = — = 
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Technical Information 


: 1+y;:Re 
Output impedance Zo = ees te a oe ee 
Current gain Ges 2 = ae 
1 *Ri 
Voltage gain Gy fe ee — yr Ri 
a OTE Yo BL 
ie) 
Power gain 6. = See eee si 
vVieh (1 + Yo* Ai) (yi + Ay: Ri) 
: : 4 5 y7 7 Reo e afl 
Available power gain Ga: Bo pe 
input matched eae [(yi + Ay: Ri)* Re +1 + yo: Ri]? 
with Re opt 
; 2 
Max. available power gain Gp, = ee ey | 
input and output matched i 
with Ro opt resp. Ri opt Ay + / Vir Yo 


Max. available power gain will be attained if input and output are matched, 
where: 


1 

Poor = YE yay 
Vi 1 

Revi Sp 
~ Yo Ay 
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Technical Information 


Switching Times 


Definitions for the various times which make up the total switching time 
can be gathered from the diagram below in which the switching charac- 
teristic of a transistor in common-emitter configuration is illustrated. 


ta Delay time 

t, Rise time 

ts Storage time 
tt Fall time 


ban tae te Turn-on time 


ey Pen wad & Turn-off time 


The duration of the switching times depends upon the transistor type and 
very much on the circuit arrangement. 


With increasing saturation of the transistor the turn-on time decreases 


and the turn-off time increases. An increase of the turn-off current /g2 
shortens the turn-off time. 


OT 


Technical Information 


The switching times depend on the duration of the turn-on pulse. It is only 
when the duration of this pulse is a multiple of the switching times that 
the latter remain constant. If the pulse is shorter, especially the storage 
time decreases. With a pulse duration in the region of the turn-on time 
the transistor is no longer fully saturated. The collector voltage then 
exhibits a characteristic such as is qualitatively represented in the dia- 
gram below. , 


28 


Summary of PNP Transistors 


DIN Standards (German) 


The information contained in this book conforms, in the main, to the 
following German DIN Standards. 


DIN 41785 
Sheet 1 (10. 69) 


DIN 41785 

Sheet 2 (10. 69) 
DIN 41791 
Sheet 1 (9. 71) 
DIN 41791 

Sheet 4 (E 10. 71) 


DIN 41791 
Sheet 5 (7. 66) 


DIN 41791 
Sheet 6 (E 6. 71) 


DIN 41854 
(11. 67) 


DIN 41855 
(8. 67) 


DIN 41867 
(E 9. 70) 


DIN 41868 
(E 10. 70) 


DIN 41869 
Sheet 4 (E 7. 71) 


DIN 41870 
Sheet 1 (4. 69) 


DIN 41870 
Sheet 2 (7. 69) 


DIN 41872 
(11. 64) 


DIN 41873 
(E 2. 70) 


DIN 41875 
(11. 64) 


DIN 41876 
(E 2. 70) 


Semiconductor devices, letter symbols on data 
sheets, general 


Semiconductor devices, letter symbols on data 
sheets for semiconductor devices for telecommuni- 
cation 


Semiconductors for telecommunication, recommen- 
dations for data sheets, general 


Semiconductor devices for telecommunication, 
recommendations for data sheets, low power signal 
transistors 


Semiconductor devices for telecommunication, 
recommendations for data sheets, AF power 
transistors 


Semiconductor devices for telecommunication, 
recommendations for data sheets, switching 
transistors 


Transistors, terms and definitions 


Semiconductor devices, kinds of semiconductor 
devices, terms and definitions 


Cases 50 B 3 and 50 B 4 for semiconductor devices, 
main dimensions 


Cases 10 A 3 and 10 B 3 (JEDEC TO-92) for 
semiconductor devices, main dimensions 


Case 12 A 3 (SOT-32) for semiconductor devices, 
main dimensions 


Cases for semiconductor devices and integrated 
Circuits, short designations 


Cases for semiconductor devices and integrated 
circuits, Survey 


Cases 3 A 2 (JEDEC TO-3) etc. for semiconductor 
devices, main dimensions 


Cases 5 C 3 (JEDEC TO-39 =~ TO-5) etc. for 
semiconductor devices, main dimensions 


Cases 9 A 2 (SOT-9) etc. for semiconductor devices, 
main dimensions 


Cases 18 A 3 (JEDEC TO-18) etc. for semiconductor 
devices, main dimensions 
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Technical Information 


Specifications for Quality | 
1. General 

The quality of components is determined by statistical methods, and is 
quoted as a maximum permissible percentage of defectives (AQL value). 


AQL values are based on maximum ratings and guaranteed characteris- 
tics of electrical and mechanical parameters. 


2. Defectives 

A device is considered defective if any one parameter does not corre- 
spond with the value specified in the data sheet. If an item has more than 
one defect, then this is counted as one defect only, i.e. a batch is as- 
sessed on the number of defective items and not on the number of 
defects. 


Defects are classified according to type and extent. 


Types of defects: 

a) Case or lead defects 

b) Electrical defects 

Extent of defects: 

a) Total defects are those which preclude any use of the item 

b) Partial defects are those which allow restricted use of the item © 

3. AQL (Acceptable Quality Level) Values 

The AQL values applicable to INTERMETALL semiconductor devices are 


summarized in the table below. The AQL values stated apply to the sum of 
all defectives. 


Defectives 


Case and leads: 


Total defectives 0.25 %o 

Partial defectives 2.50 %o 
Electrical properties: 

Total defectives 0.25 %o 

Partial defectives 0.65 %%/o 


Sar ese erry 
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: Technical Information 


4. Incoming Inspection 


The tests carried out by the manufacturer are designed so as to obviate 
the need for any incoming inspection by the user. If, however, a user 
wishes to carry out an incoming inspection, then this should be done ona 
sample basis, as laid down in the internationally accepted MIL-STD 105 D 
specifications. 


St 
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NPN Silicon Transistors 
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BC 107..., BC 171..., BC 237... 


NPN Silicon Epitaxial Planar Transistors 
for switching and amplifier applications 


The transistors are subdivided into three groups A, B and C according to their 
current gain. Types BC 107, BC 190, BC 171, BC 174 and BC 237 are available 
in groups A and B, types BC 108, BC 172 and BC 238 in groups A, B and C, and 
types BC 109, BC 173 and BC 239 in groups B and C. 

BC 109, BC 173 and BC 239 are low noise types. 


2,5 


max. 3 


max05¢ 
BC 107, BC 108, BC 109, BC 190 


max.05% 125 


BC 171, BC 172, BC 173, BC 174 
BC 237, BC 238, BC 239 


Metal case JEDEC TO-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 


Black plastic package ~ TO-92, 
TO-18 compatible. 

The case is impervious to light. 
Weight approximately 0.18 g 
Dimensions in mm 


BC 107 BC108 BC 190 
BC 171 BC109 BC174 
BC 237 BC172 
BC 173 
, BC 238 
Maximum Ratings BC 239 
Collector emitter voltage Ves 50 30 70 V 
Collector emitter voltage VcEeo 45 25 64 V 
Emitter base voltage VeEBo 6 5 5 V 
Collector current Ic 100 100 100 mA 
Peak collector current Icom 200 200 200 mA 
Base current Ip 50 50 50 mA 
TO-92 TO-18 
Power dissipation Prot 300! 300 mW 
al Tank 25°C 
Junction temperature Tj 150 175 °C 
Storage temperature range Ts —-55...+ 150 -—55...7+175 °C 


' Valid provided that leads are kept at ambient temperature at a distance of 


2mm from case. 
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BC 107... BC 171..., BC 237... 


Current Gain Group 


Characteristics at Tamp = 25 °C 


h-Parameters at Vce = 5V, 
Ic =2mA, f = 1 kHz 


Small signal current gain hte 
Input impedance hie 


Output admittance hee 
Reverse voltage transfer ratio Are 


DC current gain 

at Vce = 5V, Ic = 0.01 mA hee 
atVce = 5V,Ilc=2mA Age 
at Vce = 5V,!- = 100 mA hre 


Collector saturation voltage 
atic = 10mA,/g =0.5mMA_ Veceésat 
at /c = 100 mA, /3 = 5 mA VCEsat 


Base saturation voltage 
at /c = 100 mA, /3 = 5 mA VBEsat 


Base emitter voltage 

at Vce = 5V,/Ic = 0.1 MA Vee 
atVce = 5V,Ilc=2mA Vee 
at Vce = 5V, /c = 100 MA Vee 


Collector cutoff current 


at Vce = 60 V Ices 
at Vce = 50V Ices 
at Vce = 30 V Ices 


at Vce = 60 V, Tamb = 125°C Ices 
at Vce = 5OV, Tomb = 125°C Ices 


A 


220 
(125 . . 260) 


27 
(1.6... 4.5) 


18 (< 30) 
1.5-10-4 


90 
170 
120! 


BC 107 
BC 171 
BC 237 


0.2(< 15) 


0.2 (<4) 


Collector emitter breakdown Viericeo > 45 


voltage at/- = 2mA 


Emitter base breakdown Visr)eBo — 6 


voltage at/— = 1uA 


' not valid for BC 109, BC 173 and BC 239 


B Cc 

330 600 

(240..500) (450.. 900) 

4.5 8.7 

(3.2..8.5) (6... 15) 

30(<60) 60(< 110) 
2-104 3-10-4 

150 270 

290 500 

200! 400' 

0.07 (< 0.2) 

0.2 (< 0.6)! 

0.73 (<0.83) 

0.87 (< 1.05)’ 

0.55 

0.62 (0.55...0.7) 

0.83! 


BC 108 BC 190 
BC 109 BC 174 


BC 173 

BC 238 

BC 239 

Zs 0.2 (< 15) 
0.2(<15) — 

= 0.2 (< 4) 
0.2(<4) —- 

> 25 > 64 

>5 25 


kQ 


umho 


<<< 
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BC 107..., BC 171..., BC 237... 


Gain bandwidth product 
at Vcc = 3V,/- =0.5mMmA 
at Vcc = 5V,/c = 10MA 
f = 100 MHz 


Collector base capacitance 
at Vcpo = 10 V, f = 1 MHz 


Emitter base capacitance 
at Vego = 0.5V, f = 1 MHz 


BC 107, BC 108, BC 171, BC 172 
BC 174, BC 190, BC 237, BC 238: 
Noise figure 

at Vce = 5V, Ic = 0.2 mA, 

Re = 2 kQ, f = 1 kHz 


BC 109, BC 173 and BC 239: 
Noise figure 

at Vce = 5V, Ic = 0.2 mA, 
Re = 2 kQ, f = 1 kHz 


Noise figure 
at Vce = 5V, Ic = 0.2 mA, 
Ro = 2 kQ, f = 30Hz...15 kHz 


Thermal resistance 
Junction to case Rinc 
Junction to ambient air Ritha 


1 Valid provided that leads are kept at ambient temperature at a distance 


of 2 mm from case. 
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fr 
fr 


Ccso 


Ceso 


85 
250 (> 150) 
3.5 (< 6) 


8 
2 (< 10) 


<4 
<4 


TO-18 
< 200 


~< 500 


pF 


dB 


dB 


dB 


°C/W 
°C/W 


BC 107..., BC 171..., BO 237... 


Admissible power dissipation 


Admissible power dissipation 
versus temperature 


versus ambient temperature 
(see note on page 34) 


BC 107. mW 171 937 
ean BC 171...,BC 237... 


aKe 
oN TNT 
SSERNELOEE 


Rypa2500°C/W \ 


Pulse thermal resistance 
versus pulse duration 


Pulse thermal resistance 
versus pulse duration 


BC 171...,BC 237... 


-j 
10° 10°° 10-4 103 102 107 1 10 1025 
—_—__- 


p el 
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BC 107..., BC 171..., BO 237... 


DC current gain DC current gain 
versus collector current versus collector current 


DC current gain Collector current 
versus collector current versus base emitter voltage 


BC 107..,BC 171...,BC 237. 


—— typical 
— — limits 


anuarittvan 


CCH 


—-— limits 
at Gmb=25°C 
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BC 107..., BC 171..., BC 287... 


Common emitter Common emitter 
collector characteristics collector characteristics 


mA BC 107...,BC 171...,BC 237... mA BC 107..,BC 171...,BC 237. 


| 
Za 
(Ze af 


Common emitter Common emitter 
collector characteristics collector characteristics 


mA ee mA BC 108,109, 172,173, 238,239 


AG 


Senne LEER 
NN 


LN 


V 


RAINS 
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BC 107..., BC 171..., BO 237... 


Common emitter Common emitter 
collector characteristics collector characteristics 
mA BC 107,171,174,190,237 mA BC 108,109,172, 173, 238, 239 


10 


= — 
(290 cued O98 


t————— 


0 i a ee OO ES 


0 10 20 30 40 50V 0 10 20V 
— Vee — VCE 
Common emitter Common emitter 
collector characteristics collector characteristics 
mA BC 109,173,239 mA BC 109,173,239 


eget ake 
HET EEE 
CSRS R ERTS 
rey tte 
ae 


ie 08 


0.6 


04 
SESSSEeEee 
eee 


GERERESRRS 


a ne We] — —— 


0 u 4] 2 3 4 5V 
pa ne 
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BC 107.. 


Common emitter 
collector characteristics 


pA BC 109,173,239 


Se aT 
a 
TTT TTT er 
I 
pA 


2 4 5V 


eae ee 


et Se 


HEE a 


20 


Common emitter 
input characteristic 


BC107...,BC 171...,BC 237... 


CL 
COC 
COC 


LE 
CTT 


., BC 171..., 


BC 237... 


Common emitter 
collector characteristics 


yA BC 109,173,239 


itt ey 
PEE sg 


a 
ey 


0 A SE RN ee ee 


0 1 2 3 4 5 V 


Collector cutoff current 
versus ambient temperature 


nA BC 107..,BC 171...,BC 237... 


[ Test voltage Wego: 


Rae a equal to the given 
aan —— typical 


—— maximum 


0 100 200 °C 


At 


BC 107...,BC 171..., BC 237... 


Collector saturation voltage Base saturation voltage 
versus collector current versus collector current 
V BC 107..,BC 171..., BC 237. V BC 107...,BC 171...,BC 237. 


a 
Voesat a 


03 


ad 
Z 
- 
i 


Q2 


01 


0 
01 2 6 «T-18 5 10 2 5 100mA 


— Ie 
Collector base capacitance, Gain bandwidth product 
Emitter base capacitance versus 
versus reverse bias voltage collector current 
pF BC 107.., BC 171..., BC 237... MHz BC 107..,BC 171...,BC 237... 


MRE: 
2 5 10 


0 
0.1 0,2 05 1 
> \e0 


V 01 2 Bs oh oe 5 10 2 5 100mA 
Ego 
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BC 107..., BC 171..., BC 237. 


Relative h-parameters 
versus 
collector current 


BC 107..,BC 171..., BC 237. 


hell) 
he (Ic= 2 mA) 


Noise figure 
versus collector current 


BC 109,173, 239 


VL EA 
ALA YT 
wre) a) uff 
aoa TTA TV 
Nie y 


Baas 
hele) qe ee eee 
helVog=5 V) Plleess M  tf 


Relative h-parameters 
versus 
collector emitter voltage 


BC 107..,BC 171... BC 237... 


EH 
hie 


05 


a a 

Eve Ia 

ames wale 
ay 


0 10 20 30 V 
GE 


Noise figure 
versus collector current 


dB BC 109,173,239 


0 
10° 107 10° 1 10mA 
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BC 107..., BC 171..., BC 237... 


Noise figure versus 


Noise figure 
collector emitter voltage 


versus collector curent 


BC 109,173, 239 dB BC 109,173,239 


a ae == 


Noise figure 
versus frequency 


dB BC 109,173, 239 
We=5V 
Rg = 2 kQ 
Tamb=25°C 


7 
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BC 107..., BC 171..., BC 237... 
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BC 140, BC 141 


NPN Silicon Epitaxial Planar Transistors 
for switching and amplifier applications 
These types are subdivided into three groups —6, —10 and —16, according 
to their DC current gain. 

These transistors are available either as matched pairs or as complemen- 
tary pairs BC 140/BC 160 or BC 141/BC 161 resp. 

Matching condition: The ratio of the DC current gains of a matched pair 
at | Vce| = 1V, | /c| = 100 mA is less than 1.25. 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1g 
Dimensions in mm 


max.05¢% 
Maximum Ratings BC 140 BC 141 
Collector base voltage Vso 80 100 Vv 
Collector emitter voltage VcEo 40 60 V 
Emitter base voltage VeBo 7 7 V 
Collector current Ic 1 A 
Base current IB 0.1 A 
Power dissipation 
atTc = 45°C Prot 3.7 WwW 
Junction temperature I; 175 °C 
Storage temperature range Ts —55... +175 °C 


Characteristics at 7; = 25°C BC 140-6 BC 140-10 BC 140-16 
BC 141-6 BC 141-10 BC 141-16 


DC current gain 


‘at Vce =1V, Ic =0.1 mA hee 28 40 90 

at Vce =1V,/l—c =100MmMA Are 63 100 160 
(40...100) (63...160) (100... 250) 

atVce = 1V,lc=1A hpe 15 20 30 

Collector saturation voltage VCE sat 0.6 (< 1) V 

at lc = 1A, /3 = 100 mA ‘ 

Base emitter voltage VBE 1.2 (< 1.8) vO 


atVce = 1V,lc=1A 
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BC 140, BC 141 


BC 140 
Collector cutoff current 
at Vce = 40 V ICES 10 (< 100) 
at Vce = 60 V ICES —_ 
at Vce = 40 V, 7; = 150°C IcES 10 (< 100) 
at Vce = 60 V, 7; = 150°C Ices — 


Collector emitter 
breakdown voltage 
at /c =0.1mA Visrices — 80 


at lc = 30mA (pulsed 200us,1°%)  Vigrcea > 40 
Emitter base Vierjeso => 7 
breakdown voltage 

at /e = 0.1 mA 

Gain bandwidth product fr > 50 
at Vce = 10 V, Ic = 50 mA, 

f = 20 MHz 

Collector base capacitance Ccso < 25 


at Vcg9 = 10 V, f = 1 MHz 


Emitter base capacitance Ceso < 80 
at Vego = 0.5 V, f = 1 MHz 


Thermal resistance 


Junction to case Rthe < 35 
Junction to ambient air Rina < 200 
Switching Times at /c = 100 mA, /31 =~ —/g2 ~5 mA 
Turn-on time toe < 250 
Turn-off time tott < 850 


Test Circuit for Switching Times 


1 


< 
r (/ to scope with 


O f, =15ns 
Zin = 100 kK 


Rise time and fall time of input voltage < 15 ns, 
generator impedance 50 2 


BC 141 


— nA 
10 (< 100) nA 


10 (< 100) nA 


MHz 


pF 


pF 


°C/W 
°C/W 


ns 
ns 
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BC 140, BC 141 


Admissible power dissipation 
versus temperature 


Pulse thermal resistance 
versus pulse duration 


SAE 
cA \Gne 


\ 


Ui 


See T 
: 
i‘ 
i 


Seta 
INS 

boa 
RR: 


102 
1 
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of 105 104 10° 10% 10° +115 
—_—_» t 


Admissible power dissipation 
versus temperature 


eR 


lel WEEE TT 
10V;__|\ 
ial Nae 


Collector cutoff current 
versus junction temperature 


BC 140, 141 


DC current gain 
versus collector current 


BC 140-6, BC 141-6 


1000 


TNC AT IND 
— Sa he 
= ee 


107 1 10 102 103 mA 


DC current gain 
versus collector current 


BC 140-16, BC 141+16 
Me =1V 


—— typical 
—— te 


BC 140, BC 141 


DC current gain 
versus collector current 


BC 140-10, BC 141-10 


Ke = 1 V 
—— typical 


Collector current 
versus base emitter voltage 


is BC 140, 141 
10 : 

- 
ve | (AYA T | 


| IAAAL | LL 
Peseelf Yes | T 
ata 


LAME TL 
CCA TT 
CC 


LT ET 
CCA 
COREE 


—— typical 
—— limits 
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BC 140, BC 141 


Common emitter Common emitter 
collector characteristics collector characteristics 


mA BC 140, 141 


r — > 
SRS 
Nh DH 
a 


_DAANATAAARSSSSSSSN 
PUTA ATA ANAAN 


PALTV Y ALAAANA 


BC 140, 141 
Va 


\\ 


—_ G22 


= 


Bike ae ae 
= Pe oe 
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s 
- 
7 
- 
* 
x 
7 
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e 


See Reise 


Common emitter 
collector characteristics 


A BC 140, 141 
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BC 140, BC 141 


Collector saturation voltage Base saturation voltage 
versus collector current versus collector current 
V BC 140, 141 V BC 140, 141 


—— typical 
— — limits 
at Gmpb=20°C 


—— typical 
—— limits 
athmp=25°C 


YEsat 


. 


Gain bandwidth product 
versus collector current 


MHz BC 140,141 


1000 
pa Ke +10 
2c ee } | | fama =25°0 


TIN 
Zo 


of 


BC 170 


NPN Silicon Planar Transistor 
for switching and amplifier applications 


The transistors are subdivided into three groups, A, B and C, according 
to their DC current gain. 


Black plastic package ~ TO-92, 
TO-18 compatible. 


The case is impervious to light. on 
Weight approximately 0.18 g 5 
Dimensions in mm 
max.Q5 ¢ 125 

Maximum Ratings 
Collector base voltage Vcso 20 V 
Collector emitter voltage Vceo 20 V 
Emitter base voltage VeBo 5 V 
Collector current Ic 100 mA 
Power dissipation Prot 300 ' mW 
Junction temperature T; 150 °C 
Storage temperature range ; Ts —55...47 150 °C 
Characteristics at Tamb = 25°C 

BC 170A BC 170B BC 170C 
DC current gain 
atVce = 1V,lc= 1mMmA here 35...100 80... 250 200...600 
at Vce = 1V,!c = 30MA here > 30 . > 60 > 150 
Collector saturation voltage 
atic = 1mA,/zg =0.1mA VcEsat < 0.25 V 
at lc = 30 mA, /3 = 3 mA VcEsat <0.4 V 
Base saturation voltage VBEsat < 0.7 
at !c = 1mA, /g = 0.1 mA 
Collector cutoff current IcBo < 0.1 uA 


at Vcp = 15 V 


’ Valid provided that leads are kept at ambient temperature at a distance 
of 2 mm from case. 


52 


Emitter cutoff current lego < 0.1 uA 
at Veg = 4V 
Thermal resistance Riba < 420! °C/W 


Junction to ambient air 


Collector base capacitance Ccso 4 pF 
at Vcgo = 10 V,f = 1 MHz 


Emitter base capacitance Ceo 12 pF 
at Vepo = 0.5 V,f = 1 MHz 


Gain bandwidth product fr 100 MHz 
at Vce = 5 V, Ic = 10 mA, 

f = 50 MHz 

Noise figure at Vce = 5 V, F < 10 dB 


Ic = 0.2 mA, Re = 2 kQ, 
= 1 kHz, Af = 200 Hz 


Admissible power dissipation Common emitter - 
versus ambient temperature ' collector characteristics 


mA BC 170 


Se es in eg 


1s 


po 
ae 


WEEE 
ST LINE ET TE 
PILING ET 

"AE 


' Valid provided that leads are kept at ambient temperature at a distance 
of 2 mm from case. 
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BC 337, BC 338 


NPN Silicon Epitaxial Planar Transistors 


for switching and amplifier applications. Especially suitable for AF-driver 
stages and low power output stages. . 


These types are subdivided into three groups -16, -25 and -40, according 


to their DC current gain. 


These transistors are available as complementary pairs BC 327/BC 337 
or BC 328/BC 338. Matching conditions: The ratio of the DC current gains 


of a matched pair at | Vce| = 1 V, | /c| = 100 mA is less than 1.41. 


Black plastic package ~ TO-92, 
TO-18 compatible. 

The case is impervious to light. 
Weight approximately 0.18 g 
Dimensions in mm | 


Maximum Ratings 


Collector emitter voltage 
Collector emitter voltage 
Emitter base voltage 


Collector current 
Peak collector current 


Base current 


Power dissipation 
at Tamb = 25 2G 


Junction temperature 
Storage temperature range 


Characteristics at Tgmp = 25 °C 


DC current gain 
at Vce = 1V, /c = 100 MA hE 


at Vce = 1V, lc = 300mMA Pigg 


Thermal resistance 
Junction to ambient air 


¥ 
E 
max.05% 125 
BC 337 BC 338 

Vces 50 30 V 
VcEo 45 25 V 
VeBo 5 V 
Ic 800 mA 
ICM 1 A 
Ip 100 mA 
Proi 6251 mW 
T; 150 eG 
Ts — 55...+ 150 °C 
BC 337-16 BC 337-25 BC 337-40 
BC 338-16 BC 338-25 BC 338-40 
160 250 400 
(100...250) (160...400)  (250...630) 
130 200 320 
Rtha < 200! °C/W 


' Valid provided that leads are kept at ambient temperature at a distance 


of 2 mm from case. 
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BC 337, BC 338 


BC 337 BC 338 
Collector cutoff current ; 
at Vce = 25V ICES — 2 (< 100) nA 
at Vce = 45 V Ices 2 (< 100) — nA 
at Vce = 25V, Tamb = 125°C Ices = < 10 UA 
at Vcc = 45 V, Tomb = 125°C Ices < 10 — UA 
Collector emitter breakdown  Vysryceo > 45 > 20 V 
voltage at !c = 10 mA’ 
Collector emitter breakdown  Vysrjces > 50 > 30 V 
voltage at /- = 0.1 mA 
Emitter base breakdown V(BR)EBO 5s V 
voltage at /- = 0.1mA 
Collector saturation voltage = Vce sat < 0,7 V 
at /c = 500 mA, /g = 50 mA 
Base emitter voltage VBE < 1,2 V 
at Vce = 1V, Ic = 300 mA 
Gain bandwidth product fr ~ 100 MHz 
at Vce = 5V, Ic = 10 mA, 
f = 50 MHz 
Collector base capacitance §Ccao 12 pF 


at Vcp = 10 V, f = 1 MHz 


55 


BC 337, BC 338 


Admissible power dissipation 
versus ambient temperature 
(see note on page 54) 


W BC 337, 338 


SUSERERESH 
SRRUEERTE 
“LETTE TT 

SRGERREEEE 
SANEREEEEE 
BEANERREEE 
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LETT EL 
tN H+ 
SEREEANED 


0.6 


0.4 


0.2 


0 200 °C 


= Tamb 


Collector current 
versus base emiiter voltage 


mA BC 337,338 
Tee 


Ha 
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— typical 
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Pulse thermal resistance 
versus pulse duration 


10" . 
10° 10° 10% 10° 12 101 1 10 102s 
—_—____—_a» | 


Collector cutoff current 
versus ambient temperature 


nA BC 337,338 


coe 
CCA 
teat 


BC 337: Ver =45V 


A fete 338: Voe =25V 
—— typical 
-— re aie acl 


i ae 


BC 337, BC 338 


DC current gain DC current gain 
versus collector current versus collector current 


Group -16 Group -25 


== typical 


--- limits 
at Tgmb=25°C 


eZee 


eae! 
eee 
ees 
ceaeibals) 
a 
- 

tn al 


— 

a“ 

— | 

ae 

aad 

a 
] 


Lo 
= 
nae 
— — 
— = 
atl ie 
= ee 
I i 
ET asec oa 
Dees 4 
= = 


107 1 10 102 103 mA 
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DC current gain Gain bandwidth product 
versus collector current versus collector current 
Group -40 MHz BC 337,338 
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— —limits 
at lamb =25°C 
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BC 337, BC 338 


Common emitter Common emitter 
collector characteristics collector characteristics 


mA BC 337, 338 mA BC 337,338 


200 a en ee ee oe 


Wet 
PAT 
ee 


2V 
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Common emitter _ Collector saturation voltage 


collector characteristics versus collector current 
mA BC 337,338 V BC 337,338 


—typical 


-=-= limits 


COAT 
UYT Tt tt 
t' BEESEREE 
tL LT ool 
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Base saturation voltage 
versus collector current 


BC 337,338 


BEANS 
J] ANPP. 


10°! 1 10 102 102>mA 


BC 337, BC 338 
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BC 340, BC 341 


NPN Silicon Epitaxial Planar Transistors 


for switching and amplifier applications 


The type BC 340 is subdivided into three groups, -6, -10 and -16, the type 
BC 341 into two groups, -6 and -10, according to the DC current gain. 


These transistors are available either as matched pairs or as complemen- 
tary pairs BC 340/BC 360 or BC 341/BC 361 resp. Matching condition: The 
ratio of the DC current gains of a matched pair at | Vce| = 5 V, 


| Ic | = 50 mA is less than 1.25. 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1g 
Dimensions in mm 


Maximum Ratings 
Collector base voltage 
Collector emitter voltage 
Emitter base voltage 


Collector current 

Base current 

Power dissipation 

atTc = 25°C 

Junction temperature 
Storage temperature range 


Characteristics at 7; = 25°C 
DC current gain 


at Vce = 5 V,/!c = 0.1 MA Aree 
at Vce = 5V,Ilc =50mMmA Are 


at Vce = 5 V, Ic = 500 mA hes 


Collector saturation voltage 
at [c = 150 mA, /g = 15 mA 


Base saturation voltage 
at Ic = 150 mA, /g = 15mA 


60 


‘max.05 ¢ 
BC 340 BC 341 

Vcso 40 60 V 

VcEo 40 60 V 

VeBo 5 5 V 

Ic 500 mA 

Ip 50 mA 

Prot 0.8 Ww 

Prot 3 W 

T; 200 °C 

Ts —55...+ 200 a 

BC 340-6 BC 340-10 BC 340-16 

BC 341-6 BC 341-10 

27 43 70 

63 100 160 

(40...100) (63...160) (100... 250) 
oe 20 32 

VCE sat <04 V 

Vere 0.95 (< 1.2) V 


Collector cutoff current 
at Vce = 40 V 

at Vcr = 60 V 

at Vce = 40 V, T; = 150°C 
at Vce = 60 V, 7; = 150°C 


Collector emitter 
breakdown voltage 
atic =0.1mA 

at /c = 30 mA 
(pulsed 200 us, 1 %o) 


Gain bandwidth product 
at Vcg = 10 V, Ic = 50 mA, 
f = 50 MHz 


Collector base capacitance 
at Vcgo = 10 V, f = 1 MHz 


Emitter base capacitance 
at Veao = 0.5 V, f = 1 MHz 


Thermal resistance 
Junction to ambient air 
Junction to case 


Ices 
Ices 
Ices 
Ices 


V(BR)CES 
V(BR)CEO 


BC 340, BC 341 


BC 340 


10 (< 100) 


10 (< 100) 


> 40 
> 40 


fr 


Coco 


Ceso 


Riha 
Rthc 


100 


6.5 


25 


< 220 
< 58 


BC 341 


10 (< 100) 


10 (< 100) 


UA 


MHz 


pF 


DF 


°C/W 
°C/W 
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BC 340, BC 341 


Admissible power dissipation 
versus temperature 


Pulse thermal resistance 
versus pulse duration 


°C/W BC 340,34] 


Sannnan 
CNPP 


NST 


0: 
10° 105 104 103 10% 107 15 


Common emitter 


Relative DC current gain 
collector characteristics 


versus collector current 


mA BC 340,341 . . BC 340,341 
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Collector current 
versus base emitter voltage 


mA BC 340,341 
Pleat a al de Madi ale 


Yt tt 
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Gain bandwidth product 
versus collector current 
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BC 340, BC 341 


Collector saturation voliage 
versus collector current 
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BC 418, BC 414 — 


NPN Silicon Epitaxial Planar Transistors 
for use in high-quality, low-noise AF and DC amplifiers. Complementary 
types are the PNP transistors BC 415 and BC 416. 


These types are subdivided into two groups B and C according to their 
current gain. : 


Black plastic package ~ TO-92, 
TO-18 compatible. 


The case is impervious to light. ” 
Weight approximately 0.18 g e 
Dimensions in mm 
max.05¢ 125 
Maximum Ratings BC 413 BC 414 
Collector base voltage Vcpo 45 50 V 
Collector emitter voltage Vceo 30 45 V 
Emitter base voltage VEBO 5 V 
Collector current Ic 100 mA 
Base current Ip 20 mA 
Power dissipation at Tamp=25°C Prot 300! mW 
Junction temperature T; 150 °C 
Storage temperature range Ts —65... +150 °C 
Characteristics at Tomp = 25°C 
Current gain group 
h-Parameters at Vce = 5 V, 
Ic = 2mA,f = 1 kHz B Cc 
Small signal current gain hte 330 600 
(240...500) (450...900) 
Input impedance Nie 4.5 8.7 
(3.2...8.5) (6...15) kQ 
Output admittance hoe  30(< 60) 60(<110) umho 
Reverse voltage transfer ratio hr 2:104 - 3-104 
DC current gain 
at Vcc = 5 V, Ic = 0.01 mA hee 150(> 100) 270 (> 100) 
atVce = 5V,Ilc=2mA hee 290 500 
(180... 460) (380... 800) 
Thermal resistance Rtha 420! °C/W 


Junction to ambient air 


' Valid provided that leads are kept at ambient temperature at a distance 
of 2mm from case 
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BC 413, BC 414 


Collector saturation voltage 


atlc = 10mMA, Ig = 0,5mA Vcesat 0.075 (< 0.25) V 
at Jc = 100 mA, lz =5mA VcE sat 0.25 (< 0.6) V 
Base saturation voltage VBEsat 0.9 V 
at /c = 100 mA, /3 = 5mA 
Base emitter voltage 
at Vcc = 5 V, /- = 0.01 mA VBE 0.52 V 
at Vce = 5V,Ilc=0.1 mA VBE 0.55 V 
atVce = 5V,Ilc=2mMA VBE 6.62 (0.55...0.75) V 
Collector cutoff current | 
at Vcg = 30 V IcBo < 15 nA 
at Vcg = 30 V, Tomb = 150 °C IcBo <5 uA 
Emitter cutoff current leBo < 15 nA 
at Veg = 4V 

BC 413 BC 414 
Collector emitter breakdown Visriceo > 30 > 45 V 
voltage at /c = 10mA 
Collector base breakdown VisrjcBo => 45 > 50 V 
voltage at /c = 10uA 
Emitter base breakdown Visryeso => 5 >5 V 
voltage at /-e = 10 uA 
Gain bandwidth product fr 250 MHz 
at Vce = 5V, Ic = 10 MA, 
f = 100 MHz 
Collector base capacitance Ccso 2.5 pF 
at Vcpgo = 10 V, f = 1 MHz 
Noise figure F < 2.5 dB 
at Vcck = 5V, Ic = 0.2 mA, 
Ro = 2 kQ, f = 30 Hz... 15 kHz 
Equivalent noise EMF Vr < 0.135 uv 


(referred to base) 
at Vce = 5V, Ic = 0.2 mA, 
Rg = 2kQ,f =10...50 Hz 


Transistor Band Pass 
under Test Amplifier Filter AF-VTVM 


Neg. Feedback (G, =constant) 


Test circuit for equivalent noise EMF 
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BC 413, BC 414 


Admissible power dissipation Pulse thermal resistance 
versus ambient temperature versus pulse duration 
(see note on page 64) 


°C/W BC 413, 414 


0 
0 100 200 °C 10° 105 104 103 102 107 1 10 102s 
lamb oo fe 
Collector current Common emitter 
versus base emitter voltage input characteristic 
BC 413, 414 LA BC 413, 414 
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DC current gain 
versus collector current 


--—limits 
at Tamb= 25°C 


Common emitter 
collector characteristics 


mA BC 413, 414 
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DC current gain 
versus collector current 


Common emitter 
collector characteristics 
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BC 413, BC 414 


Common emitter 
collector characteristics 


BC 413, 414 
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Common emitter 
collector characteristics 
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Common emitter 
collector characteristics 


BC 413, 414 


Common emitter 
collector characteristics 
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BC 413, BC 414 


Common emitter Collector cutoff current 
collector characteristics versus ambient temperature 
[WA BC 413, 414 nA BC 413,414 
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BC 413, BC 414 


Collector base capacitance, Gain bandwidth product 
Emitter base capacitance versus 
versus reverse bias voltage collector current 

pF BC 413,414 MHz BC 413, 414 


Naa 
a 
Wee 


\\ 
y 


‘A 


NO 
< 


Ww 


Peele The 
ie 


fi 
\\ 
\ 
: 
a 
i 
ki 


0 
01 0.2 05 1 2 5 10 V 
——— Veg: “eso 
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BC 418, BC 414 


Noise figure Noise figure 


versus collector current versus collector current 


dB BC 413, 414 dB BC 413, 414 
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BCY 58, BCY 59 


‘NPN Silicon Epitaxial Planar Transistors 


for switching and amplifier applications 


in commercial electronic design 


The transistors are subdivided into four groups A, B, C and D according to their 


current gain. 


Metal case JEDEC TO-18 


Collector connected to case 
Weight approximately 0.35 g 


Dimensions in mm 


Maximum Ratings 
Collector emitter voltage 
Collector emitter voltage 
Emitter base voltage 
Collector current 

Base current 

Power dissipation 

at Tam = 25°C 

atTc =45°C 


Junction temperature 


Storage temperature range 


Characteristics at Tgmp = 25°C 


- h-Parameter at Vce = 5V, 


Ic =2mA,f = 1 kHz 


Small signal hte 
current gain 


Input impedance hie 
Output admittance Aoe 


Reverse voltage Are 
transfer ratio 


(2. 


Vces 
VEO 


VeBo 


Ts 


max 05? 

BCY58 BCY59 

32 45 V 

32 45 V 

7 7 V 
200 mA 
50 mA 
390 mW 
1 Ww 
200 °C 


—65...1 200 °C 


Current Gain Group 


A B Cc D 

200 260 330 520 
(125...250) (175...350) (250...500) (350... 700) 

27 3.6 45 75 

(1.6...4.5) (25...6) (3.2...8.5) (4.5...12) kQ 
18(<30)  24(<50) 30(<60) 50(< 100) umho 
15:104 2-104 2-10-4 3-10-4 


A 
DC current gain 
atVce = 5V, Nee 78 
lc =10uA 
atVce = 5V, hee 170 
Ic =2mA (120...220) 
at Vce = 1V, hee 190 (> 80) 
lc =10mA 
at Vce = 1V, hre > 40 
Ic = 100 mA 


Base emitter voltage 

atVce = 5V,/lco = 10uA 
atVce = 5Vi, lo = 2mA 
atVce = 1V,lco = 10mA 
at Vce = 1V,/c = 100 MA 


Collector saturation voltage 
atic = 10mA, /g = 0.25 mA 
at /c = 100 mA, /g3 = 2.5 mA 


Base saturation voltage 
atic = 10mA, /3 = 0.25 mA 
at/c = 100 mA, /3 = 2. mA 


Collector cutoff current 

at Vce = 32 V 

at Vce = 45 V 

at Vce = 32 V, Tomb = 150°C 
at Vce = 45 V, Tamb = 150 °C 


at Vce = 32 V, Vee = 0.2 V, Tomb = 100°C Icey 
at Vce = 45 V, Vee = 0.2 V, Tomb = 100°C Icey 


Emitter cutoff current 
atVeg = 5 V 


Collector emitter 
breakdown voltage 
atlc =2mA 


Emitter base 
breakdown voltage 
at/e = 1uA 


Gain bandwidth product 


at Vce = 5V, Ic = 10 mA, f = 100 MHz 


Collector base capacitance 
at Vcgo = 10 V, f = 1 MHz 


Emitter base capacitance 
at Vego = 0.5 V, f = 1 MHz 


Current Gain Group 
B C D 
145 (> 20) 220(> 40) 300(> 100) 
250 350 500 
(180...310) (250...460) (380... 630) 
260 380 550 
(120....400) (160...630) (240... 1000) 
> 45 > 60 > 60 
Vee 0.5 
Vee 0.62 (0.55... . 0.7) 
VBE 0.7 
Vee 0.76 
VCE sat 0.12 (0.05...0.35) 
VCE sat 0.3 (0.15...0.7) 
Vee sot 0.7 (0.6... . 0.85) 
VBE sat 0.9 (0.75... 1.2) 
BCY 58 BCY 59 
Ices 0.2 (< 10) — 
Ices — 0.2 (< 10 
Ices 0.2 (< 10) _ 
Ices — 0.2(< 10 
< 20 — 
a < 20 
leBo < 10 < 10 
Vieryeso > 7 >7 
tr 250 (> 125) 
Ceso 8 (< 15) 
Ccso 3.5 (< 6) 


BCY 58, BCY 59 


<<<< 


MHz 


DF 


pF 
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BCY 58, BCY 59 


Noise figure F 2 (< 6) 


at Vce = BV, =o 
Ro =2kQ, f=1 kHz, Af = 200 Hz 


Thermal resistance _ 3 Riha < 450 
Junction to ambient air Rinc < 150 


Junction to case 


Switching Times 


Test conditions: 


lotlp,:—Ilp2 ~ 10:1:1 mA, Ry = 5 kQ, Ro = 5 kQ, Ri = 990 Q, —V pp =3.6V 


Delay time ty 35 

Rise time t, 50 

Turn-on time toa 85 (<< 150) 
Storage time t; 400 

Fall time ty 80 

Turn-off time tor# 480(< 800) 


Test conditions: 
Io:lp1: —lp2 ~ 100:10:10 mA, Ry = 500 2, Ro = 700 Q, R, 


Delay time ty 5 

Rise time t, 50 

Turn-on time Lai 55 (< 150) 
Storage time ts 250 

Fall time tt 200 
Turn-off time tort 450(< 800) 


Test Circuit for Switching Times 


to scope with 
O t, <15ns 


* Zn = 1O0KR 


Rise time of input voltage 5 ns, pulse duty factor < 1%, 
_ generator impedance 50 Q 
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ns 
ns 
ns 
ns 
ns 
ns 


ns 


dB 


°C/W 
°C/w 


= 98 Q, —Vpg = 5V 


Admissible power dissipation 
versus temperature 


Ww BCY 58,59 
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DC current gain 
versus collector current 
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Pulse thermal resistance 
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BCY 58, BCY 59 


DC current gain 
versus collector current 


Group C 


—-—-— limit 
at | nr as °C 


Collector current versus 
base emitter voltage 
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10 


DC current gain 
versus collector current 
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Collector cutoff current 
versus ambient temperature 
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BCY 58, BCY 59 


Common emitter 
collector characteristics 
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BCY 58, BCY 59 


Common emitter Common emitter 
collector characteristics collector characteristics 
mA BCY 58,59 mA BCY 58,59 
1 — 1 ————— 
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Collector saturation voltage Base saturation voltage 
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BCY 58, BCY 59 


Gain bandwidth product 
versus 


collector current 


Collector base capacitance, 
Emitter base capacitance 
versus reverse bias voltage 


oF BCY 58,59 MHz 


BCY 58,59 


O1 02 05 1 2 5 10V 
> \Ceo , “eB 
Relative h-parameters Relative h-parameters 
versus versus 
collector current collector emitter voltage 
BCY 58,59 


BCY 58,59 
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BFY 39 


NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 
(not recommended for new designs) 


Metal case JEDEC TO-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 


Maximum Ratings 


Collector base voltage — Vecso 
Collector emitter voltage VcEo 
Emitter base voltage | | VeBo 
Collector current Ic 


Power dissipation 


at Tamb = 25 °C Prot 
at Tc 2h 2C Piot 
Junction temperature T; 
Storage temperature range Ts 


max05¢ 


mA 


W 
W 
°C 


=—§5 a. 175°C 


Static Characteristics at 7; = 25°C BFY39-1 BFY 39-2 


DC current gain Nee 35...110 100.. 


at Vcg = 10 V, Ic = 10 mA 


Collector saturation voltage VCE sat 
at /c = 10 mA, /3 = 1MmA 


Base saturation voltage VBE sat 
at 1c = 10 mA, /3 = 1mMmA 


Collector cutoff current Ico 
at Vcg = 30 V 

Thermal resistance 

Junction to ambient air Rtha 
Junction to case Rihe 
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. 200 


<1 


<1 


BFY 39-3 
180... 400 


°C/W 
°C/W 


Dynamic Characteristics at Tamp = 25°C 


Collector base capacitance 
at Vcgp = 5 V 


Gain bandwidth product 
at Vce = 10 V,/c = 10MA 


h-Parameters at Vce = 5 V, Ic = 1 MA, f = 1 kHz 


Input impedance 
Reverse voltage transfer ratio 
Small signal current gain 


Output admittance 


Common emitter 
collector characteristics 


Ccso 5 pF 

fr 150 MHz 
hie 3,2 kQ 
hive 3:-10-5 

hte 120 

Noe 8 umho 


Relative DC current gain 
versus collector current 
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BFY 39 


Common emitter Admissible collector emitter 
input characteristic voltage versus 
| base emiiter restistance 


10 102 103 104 10° 
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Relative collector cutoff - Relative h-parameters 


current versus versus 
junction temperature collector current 
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BSW 82, BSW 83, BSW 84, BSW 85 


NPN Silicon Epitaxial Planar Transistors 


with high cutoff frequency, for high speed switching 


Metal case JEDEC TO-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 


max05¢ 

Maximum Ratings BSW 82 BSW 84 
BSW 83 BSW 85 

Collector base voltage Vcso 40 75 V 
Collector emitter voltage Vero 25 40 V 
Emitter base voltage | Vepo 5 5 V 
Peak collector current Icom 500 mA 
Power dissipation 
atTc =25 °C Prot 1.8 W 
Junction temperature T; 175 °C 
Storage temperature range Ts —50...+ 175 °C 
Characteristics at 7; = 25°C BSW 82 BSW 83 BSW 84 BSW 85 
DC current gain 
at Vce = 10 V, 
lc = 10mA Are > 30 > 70 > 35 > 75 
Ic = 150 mA hre 40...120 100...300 40...120 100...300 
Ic = 500 mA Are = _ > 20 > 40 
Collector saturation voltage 
at /c = 150 mA, VcE sat < 0.6 < 0.6 < 0.4 <0.4 V 
lgj3 = 15mA 
Iz = 50mA 
Base saturation voltage. 
at /c = 150 mA, VBE sat < 1.3 <13 <13 <13 V 
l3 = 15mA 
at 1c = 500 mA, VBE sat — — < 2.6 <26 V 
Ip = 50mA 


84 


LEN TTT 


BSW 82, BSW 83, BSW 84, BSW 85 


BSW 82 
< 100 


Collector cutoff current 


at Vcgp = 30 V IcBo 
at Vcg = 50V IcBo 
at Vcg = 30V, 7; = 125°C = Ico 
at Vcg = 50V, 7; = 125°C = !cao 


Emitter cutoff current 
at Veg = 3 V 


Gain bandwidth product 
at Vce = 20 V, Ic = 20 mA, 
f = 100 MHz 


Collector base capacitance 
at Vcso = 10 V, f = 100 kHz 


Thermal resistance 


Junction to ambient air 
Junction to case 


Admissible power dissipation 
versus temperature 


BSW 82...85 
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BSW 83 BSW 84 BSW 85 
< 100 — — nA 
— < 10 <10 nA 
<100 — a “ak 
- <10 <10 uA 
< 100 nA 
> 200 MHz 
<8 pF 
< 300 °C/W 
< 84 °C/W 


Pulse thermal resistance 
versus pulse duration 
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BSW 82, BSW 83, BSW 84, BSW 85 


Common emitter Common emitter 
collector characteristics collector characteristics 
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BSW 82, BSW 83, BSW 84, BSW 85 


Relative DC current gain Relative DC current gain 
versus collector current versus collector current 
BSW 82,83 BSW 84,85 
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BSW 82, BSW 83, BSW 84, BSW 85 


Base saturation voltage 
versus collector current 
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Collector base capacitance, 
Emitter base capacitance 
versus reverse bias voltage 


pF BSW 82...85 
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Collector cutoff current 
versus junction temperature 


BSW 82...85 
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BSX 22, BSX 23 


NPN Silicon Epitaxial Planar Transistors 


for switching and amplifier applications at high collector current 
or 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.3 g 
Dimensions in mm 


max.05 ¢ 
Maximum Ratings BSX 22 BSX 23 
Collector base voltage Vcso- 40 90 V 
Collector emitter voltage Vceo 32 65 V 
Emitter base voltage VeBo 5 V 
Collector current -_ Ic 1.5 A 
_ Power dissipation . 
at Tamp = 25°C Pio} 0.8 Ww 
atTc =25°C Ptot 6 Ww 
Junction temperature T; 175 °C 
_ Storage temperature range Ts —55...+ 175 °C 

Static Characteristics at 7; = 25°C 

DG current gain Age > 35 

at Vce = 2V, /c = 500 mA 

Collector saturation voltage VCE sat a a V 


atlc =1A,/3 =100mA 


Collector cutoff current BSX 22 BSX23 


at Vce = 10 V | IcEo <1 — uA 

at Vce = 30 V Iceo = <1 uA 
Thermal resistance 

Junction to ambient air Rtha < 190 °C/W 
Junction to case Rthe < 25 °C/W 
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BSX 22, BSX 23 


Dynamic Characteristics at Tomp = 25°C 


Gain bandwidth product fr 100 MHz 
at Vcc = 5 V, Ic = 100MA 
Collector base capacitance Ccso 20 pF 
atVcp =5V 
Common emitter Relative DC current gain 
collector characteristics versus collector current 

A BSX 22,23 BSX 22,23 
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BSY 51 ~ 2N697 


NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.19 
Dimensions in mm 


Maximum Ratings 


Collector base voltage Vcso 
Collector emitter voltage Veo 
Emitter base voltage VeBo 
Collector current Ic 
Power dissipation 

at Tonp =~ 2o-C Ptot 
atTc = 100°C Ptot 
at Tc = 25°C Prot 
Junction temperature Tj 


Static Characteristics at 7; = 25 °C 


DC current gain 


atVce = 10V,/c= 1mMA hee 
at Vce = 10 V,/c = 10mA hee 
at Vce = 10 V, Ic = 150 mA hee 
at Vcc = 10 V, Ic = 500 mA hee 
Collector saturation voltage VCE sat 


at Ic = 150 mA, /3 = 15 mA 


Base saturation voltage VBE sat 
at /c = 150 mA, /3 = 15 mA 


Collector cutoff current 


at Vcg = 30 V IcBo 

at Vcg = 30 V, Tamb = 150 °C IcBo 

Emitter cutoff current lego 

at Ves = 3 V 

Collector base capacitance Ccso 
at Vcg9 = 10 V 

Emitter base capacitance Cego 
at Vepo = 0.5 V 
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max.05 ¢ 
60 V 
25 
5 V 
500 mA 
0.8 W 
1.7 WwW 
3 W 
200 °C 
50 
75 (> 30) 
'40...120 
15 
0.15 (< 0.8) V 
0.95 (< 1.2) V 
3 (< 100) nA 
4 (< 100) uA 
1 (<< 50) nA 
7.5 (< 10) pF 
23 (< 33) pF 


BSY 51 


Thermal resistance 
Junction to ambient air Rtha < 220 °C/W 
Junction to case Rinc < 58 °C/W 


Small Signal Characteristics at Tgmp = 25 °C and f = 1 kHz 


Test conditions: Vcg = 5V, Jc = 1mMA, grounded emitter 


Input impedance hie 1.5(0.8...45) kQ 
Reverse voltage transfer ratio his 0.8 (<3) - 10-4 

Small signal current gain hte 55 (30... 400) 

Output admittance hoe 8 (3.5... 13) umho 
Noise figure F 6 dB 

at Vce = 10 V, Ic = 0.3 mA, 

Rg = 1.5 kQ, 


Bandwidth 30 Hz...15 kHz 


Gain bandwidth product fr 100 MHz 
at Vce = 10 V, Ic = 50 mA, f = 50 MHz 


Switching Times 


See diagrams and test circuits on the following pages. 
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BSY 51 


Common emitter 
collector characteristics 
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Common emitter 
collector characteristics 


Se ee 


Collector current 
versus base emitter voltage 
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BSY 51 


Admissible power dissipation Relative DC current gain 
versus temperature versus collector current 
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CeBo 


Collector cutoff current 
versus 
junction temperature 
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Emitter base capacitance 
versus 
emitter base voltage 
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Admissible collector emitter 
voltage versus 
base emitter resistance 
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Collector base capacitance 
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collector base voltage 
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BSY 51 


Relative h-parameters 
versus 
collector current 
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Contours of constant 
gain bandwidth product 
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Relative h-parameters 
versus 
collector emitter voltage 
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Pulse thermal resistance 
versus pulse duration 
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BSY 51 


Switching characteristics, /c = 100 mA’, tp = 50 ns 


Residual collector emitter 
voltage versus base current 
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Storage time 
versus base current 
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Test circuit 
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Fall time 
versus base current 
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' 100 mA is that theoretical collector current which results from the 
supply voltage Vcc = 10 V and the operating resistor Rcc = 100 Q. 
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BSY 51 


Switching characteristics, /c = 500 mA’, tp = 50 ns 


Test circuit Residual collector emitter 
voltage versus base current 
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Storage time Fall time 
versus base current versus base current 


ns BSY 51...56,87.88 ns BSY 51...56,8788 


° 40 80 120 60 200 mA Ala 40 80 120 160 200 mA 
——* IB) ——— IB1 
' 500 mA is that theoretical collector current which results from the 
supply voltage Vcc = 10 V and the operating resistor Acc = 20 Q. 
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BSY 51 


Switching characteristics, /c = 100 mA, tp > 10 us 


Turn-on time Test circuit 
versus base current 
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Storage time Fall time 
versus base current versus base current 
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BSY 51 


Test circuit Switching characteristics 
for graph on the right versus collector current 
(tp > 10 us) 
ns BSY 51...56, 87, 88 
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versus pulse duration 
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BSY 52 ~2N 1420 


NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.1 g 
Dimensions in mm 


max.05 ¢ 


Maximum Ratings 


Collector base voltage Vso 60 V 
Collector emitter voltage VcEo 25 V 
Emitter base voltage VeEBO 5 V 
Collector current Ic 500 mA 
Power dissipation 

at Lam = 25 °C Piot 0.8 W 
atTc = 100°C Prot 1.7 W 
atTc = 25°C Prot 3 W 
Junction temperature Tj 200 °C 
Static Characteristics at 7; = 25°C 

DC current gain 

at Vce = 10 V,!c = 1MA hee 100 

at Vce = 10 V, /— = 10 mA hre 135 (> 70) 

at Vce = 10 V, Ic = 150 mA hee 100... 300 

at Vce = 10 V, Ic = 500 mA hee 25 

Collector saturation voltage VCE sat 0.15 (< 0.8) V 
at Ic = 150 mA, Jp = 15 mA | 

Base saturation voltage VBE sat 0.95 (<< 1.2) V 
at /c = 150 mA, /g3 = 15 mA 

Collector cutoff current 

at Vcg = 30 V Icgo 3 (< 100) nA 
at Vcg = 30 V, Tamp = 150°C IcBo 4 (< 100) uA 
Emitter cutoff current lEBo 1 (< 50) nA 
atVezg =3V 

Collector base capacitance Ccso 7.5 (< 10) pF 
at Vcp9 = 5 V 
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Emitter base capacitance 
at Veg9 = 0.5 V 


Thermal resistance 
Junction to ambient air 
Junction to case 


Ceo 


Rtha 
Rthe 


BSY 52 


23 (< 33) 


< 220 
< 58 


Small Signal Characteristics at Tam, = 25 °C and f = 1 kHz 


Test conditions: Vce = 5V, /c = 1 mA, grounded emitter 


Input impedance 

Reverse voltage transfer ratio 
Small signal current gain 
Output admittance 

Noise figure 

at Vce = 10 V, Ic = 0.3 mA, 
Roe = 1.5 kQ 

Bandwidth 30 Hz... 15 kHz 


Gain bandwidth product 


at Vce = 10 V, Ic = 50 mA, f = 50 MHz 


Switching Times 


hie 
Are 
Ate 
oe 


F 


3(1...8) 
0.8 (<3) - 10-4 
100 (50 .. . 200) 
9 (4.5... 15) 

6 


130 
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umho 


dB 
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Specifications for switching times of type BSY 51 apply to this type. 
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BSY 52. 


Common emitter 
collector characteristics 


Common emitter 
input characteristics 
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Common emitter 
collector characteristics 


Collector current 
versus base emitter voltage 
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Admissible power dissipation 
versus temperature 
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Relative DC current gain 
versus collector current 
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BSY 52 


Collector cutoff current 
versus 
junction temperature 
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Emitter base capacitance 
versus 
emitter base voltage 
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Admissible collector emitter 
voltage versus 
base emitter resistance 
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Relative h-parameters 
versus collector current 
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Contours of constant 
gain bandwidth product 


V BSY 52 


100 120 120 
fr =130MHz| || || 


SUI AT 
SAINI LS 
CUNT UT 
A Nt 
CUANN LP 
AL BIL Less 


ME 


1 100mA 


5 810 mA 


BSY 52 


Relative h-parameters 
versus collector emitter voltage 
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BSY 53 ~2N 1613 


NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.1 g 
Dimensions in mm 


max.05 @ 
Maximum Ratings 
Collector base voltage Vso 75 V 
Collector emitter voltage VcEo 30 V 
Emitter base voltage VeEBo 7 V 
Collector current Ic 750 mA 
Power dissipation 
at Tab a 25 =G Piot 0.8 W 
atTc =100°C Prot 1.7 W 
atTc = 25°C Prot 3 W 
Junction temperature cE 200 2¢ 
Static Characteristics at 7; = 25°C 
DC current gain . 
at Vce = 10 V, Jc = 0.1 mA hFE 40 (> 20) 
at Vce = 10V,/- =1mMmA re 50 
at Vce = 10 V, Ic = 10 mA Are 65 (> 35) 
at Vcg = 10 V, Ic = 150 mA hee 40...120 
at Vce = 10 V, Ic = 500 mA Are 35 (> 20) 
Collector saturation voltage 
at /c = 150 mA, /3 = 15 mA VecEsat 0.15(< 0.6) V 
at /c = 500 mA, /3 = 50 mA VcEsat 0.5 (< 1.2) V 
Base saturation voltage VeEsat 0.95(< 1.2) V 
at /c = 150 mA, /3s = 15mA 
Collector cutoff current 
at Vcg = 60 V IcBo 0.5 (< 10) nA 
at Vcp = 60 V, Tomb = 150 °C 7 IcBo 0.4(< 10) uA 
Emitter cutoff current leBo 1 (<< 10) nA 


atVeg =5V 
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BSY 53 


Collector base capacitance Ccso 6.5 (< 10) pF 

at Vcp9 = 10 V 

Emitter base capacitance Ceso 23 (< 33) pF 

at Veg9 = 0.5 V 

Thermal resistance 

Junction to ambient air Rtha < 220 °C/W 
Junction to case Rinc < 58 °C/W 


Small Signal Characteristics at Tgmp = 25 °C and f = 1 kHz 


Test conditions: Vce = 5V, Ic = 1 mA, grounded emitter 


Input impedance hie 1.5 (0.8...4.5) kQ 
Reverse voltage transfer ratio hre 0.8 (<3) - 104 

Small signal current gain hte 55 (30... 100) 

Output admittance Noe 7 (3.5... 10) umho 
Noise figure F 6 dB 

at Vce = 10 V, /- = 0.3 mA, 

Re = 1.5 kQ, 


Bandwidth 30 Hz... 15 kHz 


Gain bandwidth product fr 100 MHz 
at Vce = 10 V, /c = 50 mA, f = 50 MHz 


Switching Times 


Specifications for switching times of type BSY 51 apply to this type. 
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BSY 53 


Common emitter 


Common emitter 
collector characteristics 


collector characteristics 
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Collector current 
versus base emitter voltage 
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BSY 53 


Admissible power dissipation Relative DC current gain 
versus temperature versus collector current 
W BSY 53 
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BSY 53 


Collector cutoff current 
versus 
junction temperature 
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Relative h-parameters 
versus 
collector current 
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BSY 53 


Common emitter 
input admittance 
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Common emitter 
reverse transconductance 


Common emitter 
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BSY 54 ~ 2Ni1710 


NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.1 g 
Dimensions in mm 


max.05 ¢ 
Maximum Ratings 
Collector base voltage VcBo 75 
Collector emitter voltage Vceo 30 
Emitter base voltage VeBo 7 V 
Collector current Ic 750 mA 
Power dissipation 
at Tams = 25 2C Prot 0.8 W 
atTc =100°C Prot 1.7 W 
atTc = 25°C Prot 3 W 
Junction temperature Tj 200 °C 
Static Characteristics at 7; = 25°C 
DC current gain 
at Vce = 10 V, Jc = 0.01 mA hFE 55 (> 20) 
at Vce = 10 V, Ic = 0.1 mA hFE 80 (> 35) 
at Vce = 10 V,/c = 1mMA hee 100 
at Vce = 10V,/- = 10mA hFe 135 (> 80) 
at Vce = 10 V, Jc = 150 mA hFe 100... 300 
at Vce = 10 V, Jc = 500 mA | hFE 60 (> 40) 
Collector saturation voltage 
at /c = 150 mA, /g = 15 mA VcEsat 0.15(< 0.6) V 
at !c = 500 mA, /s = 50 mA Vcesate 0.5 (1.2) V 
Base saturation voltage | VeEsaot 0.95(< 1.2) V 
at /c = 150 mA, /p = 15 mA 
Collector cutoff current | 
at Vcgp = 60 V _Icso 0.5 (< 10) nA 
at Vcp = 60 V, Tomb = 150 °C IcBo 0.4 (< 10) uA 
Emitter cutoff current leBo 1 (< 10) nA 


atVep = 5V 
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BSY 54 


Collector base capacitance Ccso 6.5 (< 10) pF 
at Vcg9 = 10 V 

' Emitter base capacitance Cego 23 (<< 33) pF 
at Ves9 = 0.5 V 
Thermal resistance 
Junction to ambient air Rina < 220 °C/W 
Junction to case Rinc < 58 °C/W 


Small Signal Characteristics at Tamp = 25 °C and f = 1 kHz 


Test conditions: Vce = 5V, Ic = 1 mA, grounded emitter 


Input impedance hie 3 (1.6...9) kQ 
Reverse voltage transfer ratio hig 0.8 (< 3) - 10-4 

Small signal current gain hte 100 (50... 250) 
Output admittance hoe 8 (4.5...12.5) umho 
Noise figure F 3 (< 8) dB 

at Vce = 10 V, Ic = 0.3 mA, 

Ro = 1.5 kQ, 


Bandwidth 30 Hz...15 kHz 


Gain bandwidth product fr 145 MHz 
at Vce = 10 V, Jc = 50 mA, f = 50 MHz 


Switching Times 
Specifications for switching times of type BSY 51 apply to this type. 
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BSY 54 


Common emitter 
collector characteristics 
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Common emitter 
collector characteristics 


Collector current versus 
base emitter voltage 
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Admissible power dissipation Relative DC current gain 
versus temperature versus collector current 
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Base saturation voltage 
versus collector current 
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Collector cutoff current 
versus junction temperature 
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Admissible collector emitter 
voltage versus 
base emitter resistance 
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Relative h-parameters 
versus 
collector current 
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Relative h-parameters 
versus 
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Emitter base capacitance 
versus 
emitter base voltage 
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Common emitter 
input admittance 


Common emitter 
forward transconductance 
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Common emitter 
reverse transconductance 
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BSY 55 ~2N 1893 


NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.1 g 
Dimensions in mm 


max.05 ¢ 
Maximum Ratings 
Collector base voltage Vso 120 
Collector emitter voltage VcEo 80 V 
Emitter base voltage VeBo 7 V 
Collector current Ic 500 mA 
Power dissipation 
at ee. = 25°C Prot 0.8 W 
atTc = 100°C Prot 1.7 W 
at Tc = 25 °C Prot 3 W 
Junction temperature Tj 200 °C 
Static Characteristics at 7; = 25°C 
DC current gain 
at Vce = 10 V, Jc = 0.1 mA Are 50 (> 20) 
at Vce = 10 V,!/c = 1MmA hee 60 
at Vce = 10 V,/-¢ = 10 mA hre 65 (> 35) 
at Vce = 10 V, Ic = 150 mA hee 40... 120 
at Vce = 10 V, Ic = 500 mA hre 20 
Collector saturation voltage VcEsat 0.2 (< 0.6) V 
at [c = 150 mA, /g = 15 mA 
Base saturation voltage VeEsat 1(< 1.3) V 
at /c = 150 mA, /g = 15 mA 
Collector cutoff current 
at Vcp = 90 V IcBo 0.5 (< 10) nA 
at Vcp = 90 V, Tamb = 150 °C IcBo 0.4 (< 10) pA 
Emitter cutoff current leBo 1 (< 10) nA 
at Veg = 5V 
Collector base capacitance Ccso 6 (< 10) pF 
at Vcepo = 10 V 
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Emitter base capacitance CeBo 23 (< 33) pF 

at Veg9 = 0.5 V 

Thermal resistance 

Junction to ambient air Riha < 220 °C/W 
Junction to case Rihc < 58 °C/W 


Small Signal Characteristics at Tamp = 25 °C and f = 1 kHz 


Test conditions: Vcc = 5 V, /c = 1 mA, grounded emitter 


Input impedance hie 1.6(0.8...5) kQ 
Reverse voltage transfer ratio Are 0.6 (<3) - 10-4 

Small signal current gain hte 75 (30... 150) 

Output admittance Aoe 4(2...7) umho 
Noise figure | F 6 dB 

at Vce = 10 V, Ic = 0.3 mA, 

Ro = 1.5 kQ, 


Bandwidth 30 Hz... 15 kHz 


Gain bandwidth product fr 100 MHz 
at Vce = 10 V, Ic = 50 mA, f = 50 MHz 


Switching Times 


Specifications for switching times of type BSY 51 apply to this type. 
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Common emitter 
collector characteristics 


Common emitter 
input characteristics 
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Relative DC current gain 
versus collector current 
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Collector cutoff current 
versus 
junction temperature 
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Relative h-parameters Relative h-parameters 
versus versus 
collector current collector emitter voltage 
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BSY 56 


NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.1 g 
Dimensions in mm 


max.05 ¢ 
Maximum Ratings 
Collector base voltage Vcso 120 
Collector emitter voltage Vceo _—80 V 
Emitter base voltage VeBo 7 V 
Collector current | Ic 500 mA 
Power dissipation 
at lamb a 25 °C Prot 0.8 W 
atTc =100°C © Ptot 1.7 WwW 
atTc = 25°C Piot 3 W . 
Junction temperature Tj 200 °C 
Static Characteristics at Tj; = 25°C 
DC current gain . 
at Vce = 10 V, Ic = 0.1 mA hee 100 (> 35) 
at Vce = 10 V,!c = 1mMA Are 125 
at Vce = 10 V, !c = 10 mA Are 180 (> 75) 
at Vce = 10 V, Ic = 150 mA hee 100 ...300 
at Vce = 10 V, Ic = 500 mA hee 35 
Collector saturation voltage Vcesot 0.2(<0.6) V 
at Ic = 150 mA, /p = 15 mA 
Base saturation voltage VBEsat 1(< 1.3) V 
at /c = 150 mA, /g = 15 mA 
Collector cutoff current 
at Vcg = 90 V IcBo 0.5 (< 10) nA 
at Vcp = 90 V, Tomb = 150°C IcBo 0.4 (<< 10) uA 
Emitter cutoff current leBo 1 (< 10) nA 
at Veg = 5 V 
Collector base capacitance. Ccsao 6(< 10) pF 
at Vcg9p = 10 V 
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Emitter base capacitance Cepgo 23 (< 33). 
at Ves9 = 0.5V 

Thermal resistance 

Junction to ambient air Riha < 220 
Junction to case Rihe < 58 


Small Signal Characteristics at Tam, = 25 °C and f = 1 kHz 


Test conditions: Vce = 5 V, /c = 1 mA, grounded emitter 


Input impedance . hie 
Reverse voltage transfer ratio Are 
Small signal current gain | hte 
Output admittance Nee 
Noise figure F 
at Vce = 10 V, Ic = 0.3 mA, 

Re = 1.5 kQ, 


Bandwidth 30 Hz...15 kHz 


Gain bandwidth product fr 
at Vce = 10 V, Ic = 50 mA, f = 50 MHz 


Switching Times 


3(1.6...9) 
0.6 (<3): 104 
120 (60... . 280) 
6 (3... 
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Specifications for switching times of type BSY 51 apply to this type. 
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Common emitter 
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collector characteristics 
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Admissible power dissipation Relative DC current gain 


versus temperature versus collector current 
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Collector cutoff current Admissible collector emitter 
versus voltage versus 
junction temperature base emitter resistance 
V BSY 55,56 
nA BSY 55,56 
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Relative h-parameters Relative h-parameters 
versus collector current versus collector emitter voltage 
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BSY 79 


NPN Silicon Epitaxial Planar Transistor 
with high collector emitter voltage for use as driver 
for numerical indicator tubes (Nixie driver) 


Metal case JEDEC TO-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 


Maximum Ratings 


Collector base voltage Vcso 
Collector emitter voltage Vcev 
at Veg = 1V 

Emitter bags voltage VeBo 
Collector current Ic 


Power dissipation 


at Tamb = 25°C Prot 
atTc = 25°C Prot 
Junction temperature Tj 


Characteristics at T; = 25 °C 


DC current gain hee 
atVce = 1V,lc=1mMA 

Collector saturation voltage VCE sat 
at /c = 2 mA, /3 = 0.2 mA 

Base saturation voltage VBE sat 


at Ic = 2 mA, /g = 0.2 mA 
Collector cutoff current 


at Vcp = 90V IcBo 

at Vcg = 90 V, Tomb = 150 °C IcBo 

Emitter cutoff current leBo 

at Veg = 4V 

Collector base capacitance Ccso 
at Vcg9 = 10 V 

Emitter base capacitance Ceso 
at Veg = 0.5 V 

Thermal resistance 

Junction to ambient air Rtha 
Junction to case Rine 
Gain bandwidth product fr 


at Vce = 10 V, /- = 10 mA, f = 50 MHz 
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60 (> 30) 
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Collector cutoff current 
versus junction temperature 
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BSY 81 


NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 
at higher collector current 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.3 g 
Dimensions in mm 


max.05 ¢ 
Maximum Ratings 
Collector base voltage Vso 40 V 
Collector emitter voltage VcEo 18 V 
Emitter base voltage VeEBo 5 V 
Collector current Ic 1 A 
Power dissipation 
atTc = 100°C Prot 2.8 W 
at Tc = 25°C Piot 5 W 
Junction temperature | Tj 200 °C 
Characteristics at 7; = 25 °C 
DC current gain 
at Vce = 10 V, Ic = 0.1 mA hFe 30 (> 20) 
at Vce = 10 V, /c = 10 mA here  —- 65 (> 35) 
at Vce = 10 V, Ic = 150 mA FE 85 (40... 120) 
at Vce = 10 V, Ic = 500 mA hee 60 (> 30) 
at Vce = 10 V, Jc = 1000 mA hFE 30 (> 15) 
Collector saturation voltage 
at /c = 0.15A, /g = 0.015A Vee sat < 0.25 V 
atic =0.5A, /p = 0.05A | VcEsat <0.6 V 
Base saturation voltage VBEsat < 1.8 V 
atic = 1A,/3 =0.1A 
Collector cutoff current 
at Vcg = 30 V IcBo 2 (< 100) nA 
at Vcg = 30 V, Tamp = 150°C IcBo 0.6 (< 25) uA 
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Emitter cutoff current 
atVrzg = 3V 


Collector base capacitance 
at Vca9 = 10 V 


Emitter base capacitance 
at Vegp = 0.5 V 


Gain bandwidth product 
at Vce = 10 V, Ic = 50 mA, f = 50 MHz 


Thermal resistance 
Junction to ambient air 
Junction to case 


leBo 


Ccso 


Ceso 


fr 


Rtha 
Rthe 
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3 (< 10) 


8.5 (< 15) 
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Common emitter Common emitter 
collector characteristics collector characteristics 
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Admissible collector emitter Admissible power dissipation 
voltage versus versus temperature 
base emitter resistance 


V BSY 81,82 WwW BSY 81...86 


EKGREEEEEE 
PIN UTE TTT 


¢ CONMIELICUL rs 


SEGRE Guu 

TL LLEALLEL 

LAIELTT Se 
\ 

CCIE AIELTIE LET ELT LIN 

a [Bing =I °C/W YN I 


CUTE UIE aT | 
CCCP PRREK 


0 0 
10 102 103 104 10° Q 0 40 80 120 140 200 °C 
—— > lamp c 


IN 
CUTLINE 
ec 


——_ Fee 
Collector base capacitance, Pulse thermal resistance 
Emitter base capacitance versus pulse duration 
versus reverse bias voltage 
pF BSY 81..82 


60 


PINE | TU aszsee | 

Gt J de 

ce “TT INN LLU 

RIN 

BRTRNIBl 

Ee een Ie ai 
CeBo 


PLUNGE TUT 
PT LINN UT 
tT rea LT 
fel SNS SHB 


10° 
01 1 10 100 V 10° 105 104 13 02% 107 15 
——— ep Np Rep 


——-—-— upper limit, valid for 95 % of a lot 


141 


BSY 82 


NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 
at higher collector current 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.3 g 
Dimensions in mm 


max.05 ¢ 
Maximum Ratings 
Collector base voltage Vcso 40 V 
Collector emitter voltage Veo 18 V 
Emitter base voltage VeEBo 5 V 
Collector current Ic 1 A 
Power dissipation 
at Tams = 25 °C Piot 0.9 W 
atTc = 100°C Prot 2.8 W 
atTc = 25°C Prot 5 Ww 
Junction temperature Tj 200 °C 
Characteristics at 7; = 25 °C 
DC current gain 
at Vce = 10 V, !c = 0.1 mA hFE 60 (> 35) 
at Vce = 10 V,/c = 10 mA Are 140 (> 75) 
at Vce = 10 V, Ic = 150 mA hee 190 (100 . . . 300) 
at Vce = 10 V, /c = 500 mA hee 120 (> 40) 
at Vcr = 10 V, [c = 1000 mA hee 50 (> 20) 
Collector saturation voltage 
at Ic = 0.15 A, Ig = 0.015A VcEsat 0.25 V 
atic =0.5A, /[p =0.05A VcEsat < 0.6 V 
atic = 1A, [p=O.1A Veeco “= L2 V 
Base saturation voltage VeEsat << 1.8 V 
atic = 1A,/3 =0.1A 
Collector cutoff current 
at Vcp = 30 V IcBo 2 (< 100) nA 
at Vcp = 30 V, Tamb = 150 °C IcBo 0.6 (< 25) uA 


BSY 82 


Emitter cutoff current leBo 3 (< 10) nA 
atVezg = 3V 

Collector base capacitance Ccpo 8.5(< 15) pF 
at Vcp9 = 10 V 

Emitter base capacitance Ceso 50(<60) pF 
at Veg9 = 0.5 V 

Gain bandwidth product fy 120 MHz 


at Vce = 10 V, Ic = 50 mA, f = 50 MHz 


Thermal resistance 


Junction to ambient air Riha < 194 °C/W 
Junction to case Rinc < 35 °C/W 
Common emitter | Common emitter 

collector characteristics collector characteristics 


A BSY 82,84,86 
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Relative DC current gain Collector cutoff current 
versus collector current versus junction temperature 
nA BSY 81,82 
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Admissible power dissipation 


versus temperature 
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200 °C 


BSY 83 ~ 2N 2297 


NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 
at higher collector current 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.3g 
Dimensions in mm 


max.05 @ 


Maximum Ratings 


Collector base voltage Vcso 80 V 

Collector emitter voltage - Vceo 35 V 

Emitter base voltage VeEBoO 7 V 

Collector current le 1 A 

Power dissipation 

at Tank = 25 sd Prot 0.9 , WwW 
atTe = 100°C Piot 2.8 W 
atTc = 25°C Pot 5 W 
Junction temperature T; 200 — 8C 


Characteristics at 7; = 25 °C 


DC current gain 3 
at Vcr = 10 V, Ic = 0.1 mA hre 30 (> 20) 


at Vce = 10 V, !c = 10 mA | hee 65 (> 35) 
at Vce = 10V, Ic = 150 mA hee 85 (40... 120) 
at Vce = 10 V, Ic = 500 mA hee 60 (> 30) 
at Vce = 10 V, Ic = 1000 mA hee 30 (> 15) . 
Collector saturation voltage 
at Ic = 0.15A, /g = 0.015A VcEsat < 0.25 V 
atic =0.5A, Ip =0.05A VceEsat < 0.6 V 
Base saturation voltage _ Veesat < 1.8 V 
atic =1A,/3 =0.1A 
Collector cutoff current 
at Vcp = 60 V IcBo 0.6 (<< 10) nA 
at Vcg = 60 V, Tamb = 150°C ; IcBo 0.3 (<< 10) uA 
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Emitter cutoff current leBo 5(< 10) nA 
atVeg = 3V 

Collector base capacitance Ccso 8.5(<15) pF 
at Vcg9p = 10 V 

Emitter base capacitance Ceso 50(<.60) pF 
at Ves9 = 0.5V 

Gain bandwidth product fr 100 MHz 


at Vce = 10 V, /c = 50 mA, f = 50 MHz 
Thermal resistance 


Junction to ambient air Rina < 194 °C/W 
Junction to case | Rinc < 35 °C/W 


147 


ICBO 


BSY 83 


Common emitter 
coliector characteristics 


Collector cutoff current 
versus junction temperature 
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Relative DC current gain 
versus collector current 
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Admissible power dissipation 
versus temperature 
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— — —— upper limit, valid for 95 % of a lot 
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BSY 84 


NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 
at higher collector current 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.3 g 
Dimensions in mm 


max.05 ¢ 

_ Maximum Ratings 
Collector base voltage Vso 80 V 
Collector emitter voltage VCE 35 V 

_ Emitter base voltage Veso 7 V 
Collector current Ic 1 A 
Power dissipation 
at Taint = 25 °C Pio} 0.9 WwW 
atTc = 100°C Prot 2.8 W 
atTc = 25°C Ptot 5 W 
Junction temperature T; ~~ 200 °C 
Characteristics at 7; = 25 °C 
DC current gain 
at Vce = 10 V, Jc = 0.1 mA hre 60 (> 35) 
at Vce = 10 V,/c = 10mA hFE 140 (> 75) 
at Vce = 10 V, Jc = 150 mA hre 190 (100. . . 300) 
at Vce = 10 V, Ic = 500 mA hFeE 120 (> 40) 
at Vcr = 10 V, Ic = 1000 mA hee 50 (> 20) 
Collector saturation voltage 
at [Ic = 0.15A, /g = 0.015A VcEsat <0.25 V 
atic =0.5A, Ip =0.05A VcEsat < 0.6 V 
atic = 1A, Ip =0.1A VcEsat <1 V 
Base saturation voltage VBEsat <1.8 V 
atic = 1A,/,3 =0.1A 
Collector cutoff current 
at Vcp = 60 V IcBo 0.6(< 10) nA 
at Vcg = 60 V, Tamb = 150 °C IcBo 0.3 (< 10) WA 


450 


Emitter cutoff current 
atVes = 3 V 


Collector base capacitance 
at Vcg9 = 10 V 


Emitter base capacitance 
at Vego9 = 0.5 V 


Gain bandwidth product 
at Vce = 10 V, Jc = 50 mA, f = 50 MHz 


Thermal resistance 
Junction to ambient air 
Junction to case 


Common emitter 
collector characteristics 


BSY 34 


lego 5 (< 10) nA 
Ccso }~=s- 8.5 (15) pF 


Cego 50(<60) = pF 


fr 120 MHz 
Rind < 194 °C/W 
Rinc < 35 °C/W 


Common emitter 
collector characteristics 


A BSY 82,84,86 
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BSY 84 


Relative DC current gain 
versus collector current 
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Collector saturation voltage 
versus collector current 
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Collector cutoff current 
versus junction temperature 
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— — —— upper limit, valid for 95 % of a lot 
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Admissible collector emitter 
voltage versus 
base emitter resistance 
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BSY 84 


Admissible power dissipation 
versus temperature 


Ww BSY 81...86 
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Pulse thermal resistance 
versus pulse duration 
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— — —— upper limit, valid for 95 % of a lot 
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BSY 85 ~ 2N2193A 


NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 
at higher collector current 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.3 g 
Dimensions in mm 


max.05 ¢ 
Maximum Ratings 
Collector base voltage Vcso 120 V 
Collector emitter voltage Vceo 64 V 
Emitter base voltage VeEBo 7 V 
Collector current Ic 1 A 
Power dissipation 
at Tans — 25 a © Piot 0.9 W 
atTc = 100°C Prot 2.8 W 
atTc = 25°C Prot 5 W 
Junction temperature Tj 200 °C 
Characteristics at 7; = 25°C 
DC current gain 
at Vcp = 10V, Ic = 0.1 mA | hFeE 30 (> 20) 
at Vce = 10 V, lc = 10 mA hFE 65 (> 35) 
at Vce = 10 V, Ic = 150 mA hfe 85 (40... 120) 
at Vce = 10 V, Ic = 500 mA hFE 60 (> 30) 
at Vce = 10 V, Ic = 1000 mA here 30 (> 15) 
Collector saturation voltage 
at lc = 0.15A, /g = 0.015A VcEsat << 0.25 V 
atic =0.5A, /p =0.05A VcE sat <0.6 Vv 
atlc=1A, Ip=O01A VcEsat <1 V 
Base saturation voltage VBEsot <1.8 V 
atic =1A,/p =0.1A 
Collector cutoff current , 
at Vcp = 90 V IcBo 0.6 (< 10) nA 
at Vcg = 90 V, Tamb = 150 °C IcBo 0.3 (<< 10) uA 
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Emitter cutoff current 
at Veg = 3V 


Collector base capacitance 
at Vcs9 = 10 V 


Emitter base capacitance 
at Vego9 = 0.5 V 


Gain bandwidth product 
at Vce = 10 V, [c = 50 mA, f = 50 MHz 


Thermal resistance 
Junction to ambient air 
Junction to case 


lEBo 


Ccso 


Cego 


fr 


Rtha 
Rthe 


BSY 85 


5 (< 10) 


8.5 (< 15) 


50 (< 60) 


110 


< 194 
< 35 


nA 
pF 
pF 


MHz 


°C/W 
°C/W 
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BSY 85 


Common emitter 
collector characteristics 
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Collector cutoff current 
versus junction temperature 
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collector characteristics 
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Relative DC current gain 
versus collector current 
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— — — — upper limit, valid for 95 % of a lot 
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BSY 85 


Admissible collector emitter Admissible power dissipation 
voltage versus versus temperature 
base emitter resistance 
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BSY 86 


NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 
at higher collector current 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.3 g 
Dimensions in mm 


Maximum Ratings ae 
Collector base voltage Vso 120 V 
Collector emitter voltage VcEo 64 V 
Emitter base voltage VeBo 7 V 
Collector current Ic 1 A 
Power dissipation 

atTc = 100°C Prot 2.8 W 
atTc = 25°C Prot 5 | W 
Junction temperature Tj 200 °C 
Characteristics at T; = 25°C 

DC current gain 

at Vce = 10 V, /lc = 0.1 mA Are 60 (> 35) 

at Vce = 10 V, lc = 10 mA hFE 140 (> 75) 

at Vce = 10 V, Ic = 150 mA hFe 190 (100. . . 300) 
at Vce = 10 V, Ic = 500 mA hee 120 (> 40) 

at Vce = 10 V, Jc = 1000 mA hFE 50 (> 20) 
Collector saturation voltage 

at lc = 0.15A, /g = 0.015A VecEsat < 0.25 V 
atic =0.5A, [3 = 0.05A VcEsat <06 V 
atic =1A, p=O1A VCE sat <1 V 
Base saturation voltage VBEsat << 1.8 V 
atlc =1A,/p =0.1A 

Collector cutoff current 

at Vcp = 90 V IcBo 0.6(< 10) nA 
at Vcp = 90 V, Tamb = 150°C IcBo 0.3(< 10) wA 
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BSY 86 


Emitter cutoff current leBo 5 (< 10) nA 


at Veg = 3V 

Collector base capacitance Ccro 8.5(< 15) pF 
at Vcgo = 10 V 

Emitter base capacitance ——— Cego 50(< 60) pF 
at Ves9 = 0.5 V 

Gain bandwidth product fr 130 MHz 


at Vcc = 10 V, Ic = 50 mA, f = 50 MHz 


Thermal resistance 


Junction to ambient air Rtha < 194. °C/W 
Junction to case Rinc < 35 °C/W 
Common emitter Common emitter 

collector characteristics collector characteristics 


BSY 82,8486 
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BSY 86 


Relative DC current gain 
versus collector current 
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Collector saturation voltage 
versus collector current 
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Collector cutoff current 
versus junction temperature 
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Base saturation voltage 
versus collector current 
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VER 


CcBo, 


Cego 


Admissible collector emiiter 
voltage versus 
base emitter resistance 
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Collector base capacitance, 
Emitter base capacitance 
versus reverse bias voltage 
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BSY 86 


Admissible power dissipation 
versus temperature 
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Pulse thermal resistance 
versus pulse duration 


| | 
ee (a (A 


7) 


10° 
10 10° 104 103 102 10° 15 
——_™ 1th 


— — —— upper limit, valid for 95 % of a lot 
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BSY 87 ~2N 1889 - 


NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.1g 
Dimensions in mm 


max.05 @ 


Maximum Ratings 


Collector base voltage Vceso 100 V 
Collector emitter voltage VceEo 60 V 
Emitter base voltage — VeBo 7 V 
Collector current Ic 500 mA 
Power dissipation 
at Tarsb = 25 °C Piot 0.8 WwW 
atTc = 100°C Prot 1.7 WwW 
atTc = 25°C Prot 3 W 
Junction temperature Tj 200 a @ 
Characteristics at 7; = 25°C 
DC current gain 
at Vce = 10 V,/c = 0.1 mA hre 50 (> 20) 
at Vce = 10 V,/c =1mA re 60 
at Vce = 10 V, lc = 10 MA Fe 65 (> 35) 
at Vce = 10 V, Ic = 150 mA hee 40...120 
at Vce = 10 V, /c = 500 mA hee 20 
Collector saturation voltage VcEsat 0.2(< 0.6) V 
at /c = 150 mA, /g = 15 mA 
Base saturation voltage VeEsot 0.95(< 1.2) V 
at Ic = 150 mA, /p = 15 mA 

_ Collector cutoff current 
atVcg = 75 V IcBo 0.5 (< 10) nA 
at Vcp = 75 V, Tamb = 150 °C IcBo 0.4 (< 10) LA 
Emitter cutoff current leBo 1 (< 10) nA 


at Ves = 5V 
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BSY 87 


Collector base capacitance Ccpo 5.5(< 10) pF 

at Vcso = 10 V 

Emitter base capacitance Cego 23 (< 33) pF 

at Vego = 0.5 V 

Thermal resistance 

Junction to ambient air Rtha < 220 °C/W 
Junction to case Rtac < 58 °C/W 


Small Signal Characteristics at Tym, = 25 °C and f = 1 kHz 


Test conditions: Vce = 5V, /c = 1 mA, grounded emitter 


Input impedance hie 1.8(0.8...5) kQ 
Reserve voltage transfer ratio Are 0.7 (<3) - 104 
Small signal current gain hte 75 (30... 150) 
Output admittance Noe 6 (3... 10) umho 
Noise figure a 6 dB 

at Vce = 10 V, Ic = 0.3 mA, 

Re = 1.5 kQ, 


Bandwidth 30 Hz...15 kHz 


Gain bandwidth product fr 100 MHz 
at Vce = 10 V, Ic = 50 mA, f = 50 MHz 


Switching Times 


Specifications for switching times of type BSY 51 apply to this type. 


163 


BSY 87 


Common emitter Common emitter 
collector characteristics collector characteristics 
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Admissible power dissipation 
versus temperature 


W 
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Collector saturation voltage 
versus collector current 
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Relative DC current gain 
versus collector current 
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versus collector current 
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BSY 87 


Collector cutoff current 
versus 
junction temperature 
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Emitter base capacitance 
versus 
emitter base voltage 
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Admissible collector emitter 
voltage versus 
base emitter resistance 
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Relative h-parameters 
versus 
collector emitter voltage 
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BSY 88 ~ 2N 1890 


NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.1g 
Dimensions in mm 


Maximum Ratings 
Collector base voltage 
Collector emitter voltage 
Emitter base voltage 
Collector current 


Power dissipation 
at Tomb a 25 °C 
atTc = 100°C 
atTc = 25°C 


Junction temperature 


Characteristics at 7; = 25°C 


DC current gain 

at Vce = 10 V, lc = 0.1 mA 
at Vce = 10 V,/¢c = 1 MA 
at Vce = 10 V, !c = 10 mA 
at Vce = 10 V, Ic = 150 mA 
at Vce = 10 V, Ic = 500 mA 


Collector saturation voltage 
at Jc = 150 mA, /g = 15 mA 


Base saturation voltage 
at /c = 150 mA, /g = 15 mA 


Collector cutoff current 
at Vcg = 75 V 
at Vcp = 75 V, Temb = 150 °C 


Emitter cutoff current 
at Veg = 5 V 
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Vcso 
VcEo 
Veso 
Ic 

P tot 


P tot 
Prot 


Tj 


hre 
hre 
hre 
hee 


hee 


Vce sat 


VBE sat 


Ico 
IcBo 


leBo 


max.05 ¢ 
100 
60 V 
7 V 
500 mA 
0.8 WwW 
1.7 W 
3 W 
200 °¢ 
100 (> 35) 
125 
180 (> 75) 
100...300 
35 
0.2(<06) V 
0.95 (< 1.2) V 
0.5 (< 10) nA 
0.4(<10) wA 
1 (< 10) nA 


Collector base capacitance 
at Vcg9 = 10 V 


Emitter base capacitance 
at Veso = 0.5 V 


Thermal resistance 
Junction to ambient air 
Junction to case 


Ccso 


Cego 


Rtha 
Rthe 


BSY 88 


5.5 (< 10) 


23 (< 33) 


< 220 
< 58 


Small Signal Characteristics at Tom, = 25 °C and f = 1 kHz 


Test conditions: Vce = 5 V, Ic = 1 mA, grounded emitter 


Input impedance 

Reverse voltage transfer ratio 
Small signal current gain 
Output admittance 

Noise figure 

at Vce = 10 V, Ic = 0.3 mA, 
Re = 1.5 kQ, 

Bandwidth 30 Hz... 15 kHz 


Gain bandwidth product 
at Vce = 10 V, Ic = 50 mA, f = 50 MHz 


Switching Times 


hie 
hre 


fr 


3.5 (2... 9.5) 
0.7 (<3): 10“ 
150 (60... 280) 
6 (3... 10) 

6 


145 


DF 


pF 


°C/W 
°C/W 


kQ 


umho 


dB 


MHz 


Specifications for switching times of type BSY 51 apply to this type. 
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BSY 88 


Common emitter Common emitter 
collector characteristics collector characteristics 
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Relative DC current gain Admissible power dissipation 
versus collector current versus temperature 
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— — —-— upper limit, valid for 95 % of a lot 
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BSY 88 


Collector cutoff current Admissible collector emitter 
versus voltage versus 
junction temperature base emitter resistor 

nA BSY 8788 V BSY 87,88 


=3 
100 25 50 75 100 125 150 175 200 °C 10 103 04 108 9 
————_ > |. 
Emitter base capacitance Collector base capacitance 
versus emitter base voltage versus collector base voltage 
pF BSY 53...56,8788 pF BSY 8788 


Creo 25 Ccgo 16 
(IME LLU LE 
14 his 
TNE EET 
“TT MUTE EH 
15 2 10 
rrr LE_LSRTT 
rrr CTT 
1 
se 
rh ILL LAHTI 
2 
a 
Ge UN ea 
0 0 
05 07 1 15 2 3 5 7 wWyv 0507 1 5 7 10 20 30 50 V 


———> leg = Nee 


— — —— upper limit, valid for 95 °% of a lot 


172 


BSY 88 


Relative h-parameters Relative h-parameters 
versus versus 
collector current collector emitter voltage 
BSY 51.56.87. BSY 55,56,87,88 
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BSY 90 


NPN Silicon Epitaxial Transistor 
for switching and amplifier applications 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.1g 
Dimensions in mm 


max.05 ¢ 


Maximum Ratings 


Collector base voltage Vcso 60 V 
Collector emitter voltage Vceo 25 V 
Emitter base voltage - Veso 5 V 
Collector current Ic 500 mA 
Power dissipation 

at Teint = 25 °C Prot 0.8 WwW 
atTc = 100°C Prot 1.7 W 
atTc = 25°C Prot 3 W 
Junction temperature T; 200 °C 


Characteristics at 7; = 25°C 


DC current gain 


at Vce = 10 V, Ic = 0.01 mA hee 125 

at Vce = 10 V, Ic = 0.1 mA hee 200 (> 100) 

at Vce = 10 V,/c = 1mMA hee 300 

at Vce = 10 V, !c = 10 mA here 425 (> 140) 

at Vce = 10 V, Ic = 150 mA hee 375 (> 250) 
Collector saturation voltage VcEsat 0.14(< 0.8) V 
at Ic = 150 mA, /3 = 15MmA | 

Base saturation voltage Veesact 0.95(< 1.2) V 


at /c = 150 mA, /3 = 15 mA 
Collector cutoff current 


at Vcp = 30 V Ico 0.5 (<< 10) nA 
Emitter cutoff current leBo 1 (< 50) nA 
at Veg = 3 V 
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Collector base capacitance 
at Vcp9p = 10 V 


Emitter base capacitance 
at Veg9 = 0.5 V 


Thermal resistance 
Junction to ambient air 
Junction to case 


Ccso 


Ceso 


Rtha 
Ritnc 


BSY 90 


7.5 (< 10) oF 
23 (< 33) pF 
< 220 °C/W 
< 58 °C/W 


Small Signal Characteristics at Tam, = 25 °C and f = 1 kHz 


Test conditions: Vce = 5V, Ic = 1mA, grounded emitter 


Input impedance hie 
Reverse voltage transfer ratio Are 
Small signal current gain hte 
Output admittance Nes 
Noise figure F 
at Vce = 10 V, Ic = 0.3 mA, 

Re = 1.5 kQ, 

Bandwidth 30 Hz...15 kHz 

Gain bandwidth product fr 


at Vce = 10 V, !c = 50 mA, f = 50 MHz 


Pulse thermal resistance 
versus pulse duration 
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——_ tp 
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BSY 90 


Common emitter 
collector characteristics 
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Common emitter 
collector characteristics 
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Collector current versus 
base emitter voltage 
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Admissible power dissipation 
versus temperature 
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BSY 90 


Base saturation voltage Collector cutoff current 
versus collector current versus junction temperature 
V BSY 51,52,87.. 
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Relative h-parameters 
versus 
collector current 
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2 N 929 


NPN Silicon Planar Transistor 
for use in high-performance, low-level, low-noise amplifier 
circuits from audio through high frequency ranges 


Metal case JEDEC TO-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 


max05¢ 
Maximum Ratings 
Collector base voltage Vceo 45 V 
Collector emitter voltage Vceo 45 V 
Emitter base voltage VeBo 5 
Collector current Ic 30 mA 
Power dissipation 
at Tomb a 25 °C Prot 0.3 W 
atTc = 25°C Prot 0.6 W 
Junction temperature Tj 175 °C 
Storage temperature range Ts —65...+ 300 °C 
Static characteristics at 7; = 25°C 
DC current gain 
at Vce = 5V, Ic = 10 vA hee 40... 120 
at Vce = 5 V, lc = 0.5mMA hee > 60 
at Vcc = 5 V, lc = 10 mA hee < 350 
at Vce = 5V, Ic = 10 WA, Tj = —55°C hee > 10 
Collector saturation voltage VCE sat <1 V 
at !c = 10 mA, /s = 0.5mA 
Base saturation voltage VBE sat 0.6...1 V 
at /c = 10 mA, /3p = 0.56 mA 
Collector cutoff current 
at Vcp = 45 V IcBo < 10 nA 
atVce= 5V Iceo <2 nA 
at Vce = 45 V, Vee = 0 Ices < 10 nA 
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Emitter cutoff current lego 
atVes = 5V 

Thermal resistance 

Junction to ambient air Rtha 
Junction to case Rtnc 


Dynamic characteristics at Tomp = 25 °C 


Collector base capacitance Ccso 
at Vcp = 5V,f = 1 MHz 


Gain bandwidth product fr 
at Vcc = 5 V,/lc = 0.5 MA 


h-parameters, grounded base 
Test conditions: Vcg = 5 V, —/e = 1 mA, f = 1 kHz 


Input impedance | hip 
Reverse voltage transfer ratio Arb 
Output admittance Nob 
Small signal current gain hte 


at Vce = 5V, Ic = 1 mA, f = 1 kHz, 
grounded emitter 


Noise figure F 
at Vce = 5V, Io = 10 A, 
Ro = 10 kQ, f = 10Hz... 15 kHz 


2N 929 


< 10 


< 500 
< 250 


<8 


> 30 


25...32 
<6-10+4 
<1 

60... 350 


<4 


nA 


°C/W 
°C/W 


pF 


MHz 


umho 


dB 
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2N 929 


Common emitter Common emitter 
collector characteristics collector characteristics 
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2N 929 


Collector cutoff current Small signal current gain 
versus junction temperature versus collector current 
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2 N 930 


NPN Silicon Planar Transistor 


for use in high-performance, low-level, low-noise amplifier 


circuits from audio through high frequency ranges 


Metal case JEDEC TO-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 


Maximum Ratings 
Collector base voltage 
Collector emitter voltage 
Emitter base voltage 
Collector current 


Power dissipation 
at Tank => 25 °C 
atTc =25°C 


Junction temperature 


Storage temperature range 


Static characteristics at 7; = 25°C 


DC current gain 

at Vce = 5V,/c = 10 UA 

atVce = 5V,/c =0.5MA 

at Vce = 5V,/lc = 10MA 

at Vce = 5 V, Ic = 10 A, T) = —55 °C 


Collector saturation voltage 
at /c = 10 mA, /s = 0.5 mA 


Base saturation voltage 
at /c = 10 mA, /g = 0.5 mA 


Collector cutoff current 


atVce = 5V 
at Vcc = 45 V, Vee = 0 
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Vso 
Veo 
VeBo 
Ic 
Prtot 
Prot 
Tj 
Ts 


hee 
hre 
hre 
hre 


VCE sat 


VBE sat 


IcBo 
Iceo 
Ices 


max05% 
45 V 
45 
5 
30 mA 
0.3 W 
0.6 W 
175 °G 
—65...+ 300 °C 
100...300 
> 150 
< 600 
> 20 
<1 V 
0.6...1 V 
< 10 nA 
<2 nA 
< 10 nA 


Emitter cutoff current leBo 
at Veg = 5 V 

Thermal resistance 

Junction to ambient air Rtha 
Junction to case Rthe 


Dynamic characteristics at Tom, = 25 °C 


Collector base capacitance Cczo 
at Vcgp = 5 V,f = 1 MHz 


Gain bandwidth product fr 
at Vce = 5V, Ile = 0.5 mA 


h-parameters, grounded base 
Test conditions: Vcg = 5 V, —/e = 1 mA, f = 1 kHz 


Input impedance : hip 
Reverse voltage transfer ratio Ae 
Output admittance Nob 
Small signal current gain hte 


at Vce = 5 V, Ic = 1 MA, f = 1 kHz, 
grounded emitter 


Noise figure | F 
at Vcc = 5 V, Io = 100A, 
Re = 10k, f= 10 Hz... 15 kHz 


< 10 


< 500 
< 250 


<8 


> 30 


150... 


<3 


2 N 930 
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°C/W 


pF 


MHz 
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dB 
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2N 930 


Common emitter 
collector characteristics 


Collector current versus 
base emitter voltage 
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Common emitter 
collector characteristics 
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DC current gain 
versus collector current 
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Collector cutoff current Small signal current gain 
versus junction temperature versus collector current 
nA 2 N 929, 930 


J 
a Oe caime 


50 100 150 °C 


Noise figure Noise figure versus 
versus frequency generator resistance 


dB 2N 929,930 k& dB 2N 929 930 


AHI 

CACC 
AACCCOICC 
NSM ER 


i 

CNA TIAA 
CAVA 
CONC TH 
CCN eth 
CHIPSET 
CCHIT 


0 
1 10 102 10° MHz 01 100kQ 
ee es eueeeest ee 


i ty (nat 
LYRE TT, 
CLE TT 


187 


2 N 1613 


NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.1 g 
Dimensions in mm 


max.05 ¢ 
Maximum Ratings 
Collector base voltage Vcso 75 V 
Collector emitter voltage VceR 50 
at Age < 102 
Emitter base voltage VeBo 7 V 
Collector current Ic 500 mA 
Power dissipation 
at Tomb = 25 °C Prot 0.8 W 
atTc =25°C Prot 3 W 
Junction temperature Tj 200 °C 
Storage temperature range 1s — 65... + 300 °C 
Static characteristics at 7; = 25 °C 
DC current gain 
at Vce = 10 V,/c = 10 UA hee 35 
at Vce = 10 V, Ic = 100 vA | hreE 50 (> 20) 
at Vce = 10 V, Jc = 10 mA hee 80 (> 35) 
at Vce = 10 V, Ic = 150 mA hee 40...120 
at Vce = 10 V, Ic = 500 mA hee 55 (> 20) 
at Vce = 10 V, Ic = 10mA,7; = —55 °C hee 35 (> 20) 
Collector saturation voltage VecEsat 0.6(< 1.5) V 
at /c = 150 mA, /3 = 15 mA 
Base saturation voltage | VBE sot 0.95 (<< 1.3) V 
at /c = 150 mA, /3 = 15 mA . 
Collector cutoff current 
at Vcp = 60 V Ico 0.3 (< 10) nA 
at Vcg = 60 V, 7; = 150°C IcBo 0.4 (<< 10) uA 
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Emitter cutoff current 
at Veg = 5 V 


Thermal resistance 
Junction to ambient air 
Junction to case 


Dynamic characteristics at Tom, = 25°C 


Collector base capacitance 
at Vcp = 10 V, /e = 0 


Gain bandwidth product 
at Vce = 10 V, /- = 50 mA 


h-parameters, grounded emitter 


lego 


Rtha 
Rthc 


Ccso 


fr 


Test conditions: Vcg = 5 V, Ic = 1mMA, f = 1 kHz 


Input impedance 


Reverse voltage transfer ratio 
Small signal current gain 
Output admittance 


h-parameters at f = 1 kHz, 
grounded base 


Input impedance 
atVcp = 5V,—/e=1mMA 
at Vcg = 10 V, —/le = 5 mA 


Reverse voltage transfer ratio 
atVcp = 5V,—/ce=1mMA 
at Vcgp = 10 V, —le = 5 mA 


Output admittance 
atVcp = 5V,—/e=1mMA 
at Vcg = 10 V, —/e = 5MA 


Noise figure 
at Vce = 10 V, Ic = 0.3 mA, 
Ro = 500 Q, f = 1 kHz 


hib 


0.05 (< 10) 


2 N 1613 


< 220 
< 58 


18 (< 25) 


8 


0 (> 60) 


2.2 


3.6 - 10-4 


30... 100 


12.5 


0.7 (<3)-10-4 
0.8 (<3) - 10-4 
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2N 1618 


Common emitter 
collector characteristics 
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Collector saturation voltage 
versus collector current 
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DC current gain 
versus collector current 
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2N 1/11 


NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.1g 
Dimensions in mm 


max.05 ¢ 
Maximum Ratings 
Collector base voltage Vceo 75 V 
Collector emitter voltage Vcer 50 V 
at Ree < 10Q 
Emitter base voltage Veso 7 V 
Collector current Ic 500 mA 
Power dissipation 
at Tamb = 25 °C Prot 0.8 W 
atTc = 25°C Prot 3 W 
Junction temperature Tj 200 °C 
Storage temperature range Ts —- 65... +300 °C 
Static characteristics at 7; = 25°C 
DC current gain 
at Vce = 10 V, Ic = 10 WA hee 60 (> 20) 
at Vce = 10 V, Ic = 100 pA hee 80 (> 35) 
at Vce = 10 V, /c = 10mA hee 130 (> 75) 
at Vce = 10 V, Ic = 150 MA hee 100...300 
at Vce = 10 V, Ic = 500 mA hee 75 (> 40) 
at Vce = 10 V, Ic = 10 mA, T; = —55 °C hee 65 (> 35) 
Collector saturation voltage VCE sat 0.5 (< 1.5) V 
at Ic = 150 mA, /p = 15mA , 
Base saturation voltage VBE sat 0.95 (< 1.3) V 


at Ic = 150 mA, /s = 15 mA 
Collector cutoff current 


at Vcg = 60 V IcBo 0.3 (< 10) nA 
at Vcp = 60 V, 7; = 150°C IcBo 0.4 (< 10) uA 
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2 N 1711 


Emitter cutoff current lego 0.05(< 5) nA 
atVesg = 5V 

Thermal resistance 

Junction to ambient air Rtha << 220 °C/W 
Junction to case Rite <58 °C/W 


Dynamic characteristics at Tamp = 25°C 


Collector base capacitance Ccao 18(< 25) pF 
at Vcp = 10 V, /e = 0 


Gain bandwidth product fr 100 (> 70) MHz 
at Vce = 10 V, Ic = 50 mA 


h-parameters, grounded emitter 
Test conditions: Vce = 5V, /c = 1 mA, f = 1 kHz 


Input impedance hie 4.4 kQ 
Reverse voltage transfer ratio hr 7.3104 

Small signal current gain hte 50... 200 

Output admittance Noe 23.8 umho 


h-parameters at f = 1 kHz, 
grounded base 


Input impedance 


atVcp = 5V,—/le=1mA hip 24...34 Q 

at Vcgp = 10 V, —/e = 5 MA hip 4...8 Q 
Reverse voltage transfer ratio 

atVcp = 5V,—/e=1mMA heb 1.2 (<< 5)- 10-4 

at Vcp = 10 V, —/e = 5 mA hrb 1.2 (<5). 104 
Output admittance 

atVcg = 5V,—/e=1mA Nop 0.1...0.5 umho 
at Vcg = 10 V, —/e = SMA hop 0.1...1 umho 
Noise figure F 3.5 (<< 8) dB 


at Vce = 10 V, Ic = 0.3 mA, 
Re = 500 Q, f = 1 kHz 
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Q2N 1/11 


Common emitter 
collector characteristics 
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Collector saturation voltage 
versus collector current 
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DC current gain 
versus collector current 
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Admissible power dissipation 
versus temperature 
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2N 1893 


NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.19 
Dimensions in mm 


max.05 ¢ 
Maximum Ratings 
Collector base voltage Vcso 120 V 
Collector emitter voltage 
at /, =0 Veo 80 V 
at Ree < 10 Q Vcer 100 V 
Emitter base voltage Veo 7 V 
Collector current Ic 500 mA 
Power dissipation 
at Tamp = 25°C Prot 0.8 WwW 
atTc =25°C Piot 3 W 
Junction temperature Tj 200 °C 
Storage temperature range Ts — 65... + 300 °C 
Static Characteristics at 7; = 25 °C 
DC current gain 
at Vce = 10 V, Ic = 0.1 mA hre 50 (> 20) 
at Vce = 10 V, /c = 10 mA hee 80 (> 35) 
at Vce = 10 V, Ic = 150 mA hee 40...120 
at Vce = 10 V, Ic = 10 mA, 7; = —55°C Are 40 (> 20) 
Collector saturation voltage 
at Ic = 150 mA, /p = 15 mA VCE sat 2 (<5) V 
atic = 50mA,/3 = 5mA VCE sat 0.5 (< 1.2) V 
Base saturation voltage 
at Ic = 150 mA, Ip = 15 mA VBE sat 0.96(<13) V. 
atic = 50mA,/3 = 5mA VBE sat 0.82 (< 0.9) V 
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Collector cutoff current 


at Vczg = 90 V Icso 
at Vcp = 90 V, T; = 150°C IcBo 
Emitter cutoff current leBo 
at Ves = 5 V 

Thermal resistance 

Junction to ambient air Rtha 
Junction to case | Fine 


Dynamic characteristics at Tc = 25°C 


Collector base capacitance Ccso 
at Vcp = 10 V 
Gain bandwidth product fr 


at Vce = 10 V, /c = 50 mA 


Small signal current gain hte 
at Vce = 10V, Ic = 5 mA, f = 1 kHz 


h-parameters, grounded base 
Test conditions: Vce = 5 V, —/e = 1 mA, f = 1 kHz 


Input impedance hip 
Reverse voltage transfer ratio hep 
Output admittance hob 


2N 1893 


< 15 


70 (> 50) 


> 45 


nA 
uA 
nA 


°C/W 
°C/W 


pF 


MHz 


umho 
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2 N 1893 


Collector saturation voltage Relative DC current gain 
versus collector current versus collector current 
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Base saturation voltage Relative small signal current 
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2N 1893 


Contours of constant Collector base capacitance, 
gain bandwidth product Emitter base capacitance 
versus reverse bias voltage 


V 2N 1893 pF 2N 1893 
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2N 2218, 2N 2219 


NPN Silicon Epitaxial Planar Transistors 


with high cutoff frequency, for high speed switching 


Metal case JEDEC TO-39 


Collector connected to case 


Weight approximately 1.1 g 
Dimensions in mm 


Maximum Ratings 
Collector base voltage 
Collector emitter voltage 
Emitter base voltage 
Collector current 

Power dissipation 

at Tamb = 25°C 

atTc =25°C 

Junction temperature 


Storage temperature range 


Characteristics at 7; = 25 °C 


DC current gain 

at Vce = 10 V, Ic = 0.1 MA 
at Vce = 10 V,/c = 1mMA 
at Vce = 10 V, /- =10mA 
at Vcr = 10 V, [lc = 150 mA 
at Vce = 10 V,/—c = 0.5A 
atVce = 1V,/c = 150MA 


Collector saturation voltage 


at /c = 150 mA, /3 = 15 mA 
at /c = 500 mA, /3 = 50 mA 


Base saturation voltage 


at [c = 150 mA, /, = 15 mA 
-at Ic = 500 mA, /g = 50 mA 
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Vcso 
Veo 


VeBo 


max.05 ¢ 
60 
30 
5 
0.8 
0.8 
3 
200 
—65...+200 
2N 2218 2N 2219 
> 20 > 35 
> 25 > 50 
> 35 > 75 
40...120 100... 300 
> 20 > 30 
> 20 > 50 
< 0.4 —V 
< 1.6 V 
< 1.3 V 
< 2.6 V 


2N 2221, 2N 2222 


Collector cutoff current 


at Veg = 50 V Ico = < 10 nA 
at Vcg = 50 V, Tamp = 150°C Icgo < 10 uA 
Collector base Virrjcso => 60 V 
breakdown voltage 

atic = 10 uA 

Collector emitter Vipryceao > 30 V 
breakdown voltage 

at/c =10mA 

Emitter base Viprjeso —> 5 V 
breakdown voltage 

at/e = 10uUA 

Gain bandwidth product tr > 250 MHz 


at Vce = 20 V, Ic = 20 mA, f = 100 MHz 


Collector base capacitance Ccso <8 pF 
at Vcgo = 10 V, f = 100 kHz 


Emitter base capacitance Ceo < 30 pF 
at Vego = 0.5 V, f = 100 kHz 


Thermal resistance 


Junction to ambient air Rtha <300 °C/W 
Junction to case Rthe < 84 °C/W 
Turn-on time en 26 ns 
(see Fig. 1) 

Turn-off time toff 70 ns 
(see Fig. 2) 

Total switching time total 12 ns 
(see Fig. 3) 


Curves and characteristics of types BSW 82...85 are valid analogously 
for types 2 N 2221 and 2 N 2222. 


+ 30V ~-15V 
tp< 200ns tp < 200ns 


- 100 
+30V 
an | 1k | | 
0 0 


Fig. 1: Test circuit Fig. 2: Test circuit Fig. 3: Test circuit 
for turn-on time, for turn-off time, for non-saturated 
saturated operation saturated operation operation 
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2N 2218 A,2N 2219A 


NPN Silicon Epitaxial Planar Transistors 
with high cutoff frequency, for high speed switching 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.1 g 
Dimensions in mm 


max.05 ¢ 
Maximum Ratings 
Collector base voltage Vso 75 V 
Collector emitter voltage VcEo 40 V 
Emitter base voltage VeBo | 6 
Collector current Ic 0.8 A 
Power dissipation 
at Tans = 25 °C Piot 0.8 W 
atTc = 25°C Prot 3 W 
Junction temperature T; 200 °C 
Storage temperature range Ts —65...+200 °C 


Characteristics at 7; = 25°C 


2N2218A 2N2219A 
DC current gain 


at Vce = 10 V, /c = 0.1 mA . hre > 20 > 35 

at Vce = 10 V,/c = 1 MA | here > 25 > 50 

at Vce = 10 V, /c = 10 mA hre > 35 > 75 
atVce = 10V,/c =150mA © hre 40...120 100...300 
at Vce = 10V,/c =0.5A hre > 25 > 40 

at Vce = 10 V, lc = 10 mA, T; = —55 °C Are > 15 > 35 
atVce = 1V,/c = 150mA hre >20 > 50 
Collector saturation voltage 

at Ic = 150 mA, /Jg = 15mA VCE sat < 0.3 V 
at [c = 500 mA, /3p = 50 mA VCE sat <1 V 
Base saturation voltage 

at /c = 150 mA, /3 = 15 mA < 1.2 V 
at /c = 500 mA, /3 = 50 mA VBE sat <2 V 
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Collector cutoff current 

at Vcp = 60 V 

at Vcgp = 60 V, Tambh = 150 °C 
at Vcc = 60 V, Ves = 3V 


Emitter cutoff current 
atVrg = 3V 


Base cutoff current 
at Vcc = 60 V, Veg = 3V 


2N 2218 A, 2N 2219 A 


Collector base breakdown voltage 


atic = 10uUA 


Collector emitter breakdown 
voltage 
atlc =10mA 


Emitter base breakdown voltage 


at/e = 10uA 


h-parameters at f = 1 kHz 


Input impedance 
at Vce = 10 V,/c = 1MA 
at Vcr = 10 V, /c = 10 mA 


Reverse voltage transfer ratio 
at Vce = 10V,/lc =1MA 
at Vce = 10 V, lc = 10 MA 


Small signal current gain 
at Vce = 10 V,!c = 1MA 
at Vce = 10 V, /- = 10 mA 


Output admittance 
at Vce = 10 V, /c = 1MA 
at Vce = 10 V,/-c = 10 mA 


Collector base time constant 
at Vce = 20 V, Ic = 20 mA, 
f == 31.8 MHz 


Noise figure 
at Vce = 10 V, Ic = 0.1 mA, 
Rg = 1 kQ, f = 1 kHz 


Thermal resistance 
Junction to ambient air 
Junction to case 


Curves and characteristics of types BSW 82... 
for types 2 N 2218 and 2 N 2219. 


IcBo < 10 
IcBo < 10 
Icey < 10 
leBo < 10 
leBy < 20 
Vierjcpa => 75 
Vierjceo — 40 
Vierjepo = 6 
2N2218A 2N2219A 
hie 1...3.5 ee 3: 
hie 0.2...1 0.25...1.25 
Ree < 5-104 < 8-104 
Are < 25 . 10-4 < 4 ° 10-4 
Ate 30...150 50...300 
hie 50... 300 19200819 
hee Siacaey 10 5...35 
Nae 10...100 25...200 
lpyC. < 150 < 150 
FO <4 
Rtha < 220 
Rthc < 58 


kQ 
kQ 


umho 
umho 


ps 


dB 


°C/W 
°C/W 


85 are valid analogously 
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2 N 2221, 2N 2222 


NPN Silicon Epitaxial Planar Transistors 
with high cutoff frequency, for high speed switching 


Metal case JEDEC TO-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 


max05 
Maximum Ratings 
Collector base voltage Vcso 60 V 
Collector emitter voltage | VcEo 30 V 
Emitter base voltage  Vepo 5 V 
Collector current Ic 0.8 A 
Power dissipation 
at dans = 25 °C Piot 0.5 WwW 
atTc =25°C Piot 1.8 W 
Junction temperature Tj 175 °C 
Storage temperature range Ts —65...+200 °C 
Characteristics at 7; = 25 °C . 

. 2N 2221 2 N 2222 

DC current gain 
at Vce = 10 VV, /c = 0.1 mA hre > 20 > 35 
atVce = 10V, lc =1mA 7 Are > 25 > 50 
at Vce = 10 V,/c = 10 mA hre > 35 > 75 
at Vce = 10 V, lc = 150 mA hre 40...120 100... 300 
at Vce = 10 V, Ic = O.5A hre > 20 > 30 
Collector saturation voltage 
at /c = 150 mA, /3 = 15 mA VCE sat < 0.4 V 
at /c = 500 mA, /3 = 50 mA . VCE sot < 1.6 V 
Base saturation voltage 
at /c = 150 mA, /p = 15 mA VBE sat < 1.3 V 
at Ic = 500 mA, Ig = 50 mA VBE sat  <26 V 
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2N 2218, 2 N 2219 


Collector cutoff current 


at Vcg = 50 V IcBo < 10 nA 
at Vcgp = 50 V, Tomb = 150°C IcBo < 10 UA 
Collector base VierycBo = 60 V 
breakdown voltage 

atic = 10 uA 

Collector emitter Vierjceo > 30 V 
breakdown voltage 

atic = 10 mA 

Emitter base ViprjeBO = 5 V 
breakdown voltage 

at/e = 10uA 

Gain bandwidth product tr > 250 MHz 


at Vce = 20 V, Ic = 20 mA, f = 100 MHz 


Collector base capacitance Ccgo <8 pF 
at Vcgo = 10 V, f = 100 kHz 


Emitter base capacitance Cezo < 30 pF 
at Vego = 0.5 V, f = 100 kHz 


Thermal resistance 


Junction to ambient air Rina < 220 °C/W 
Junction to case Rinc < 58 °C/W 
Turn-on time ton 26 ns 
(see Fig. 1) 

Turn-off time lof 70 ns 
(see Fig. 2) 

Total switching time trotal 12 ns 
(see Fig. 3) 


Curves and characteristics of types BSW 82...85 are valid analogously 
for types 2 N 2218 and 2 N 2219. 


+ 30V -15V 


th<200ns tp < 200ns 
i 100 e 37 
+16V +30V 
| | 1k ! : 
0 0 


50 


Fig. 1: Test circuit Fig. 2: Test circuit Fig. 3: Test circuit 
for turn-on time, for turn-off time, for non-saturated 
saturated operation saturated operation - operation 
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ON 2221A,2N 2222 A 


NPN Silicon Epitaxial Planar Transistors 
with high cutoff frequency, for high speed switching 


Metal case JEDEC TO-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 


max05¢ 
| Maximum Ratings 
Collector base voltage Vso 75 V 
Collector emitter voltage VicEo 40 V 
Emitter base voltage VeBo 6 V 
Collector current | Ic 0.8 A 
Power dissipation 
at Tomb = 25°C Pros 0.5 Ww 
atTc =25°C Piot 1.8 W 
Junction temperature — ir; 175 °C 
Storage temperature range Ts —65...+200 °C 


Characteristics at 7; = 25°C 


2 N 2221A 2N 2222 A 
DC current gain 


at Vce = 10 V, f- = 0.1 MA hre > 20 > 35 
atVce = 10V,/c =1mMA hre > 25 > 50 
at Vce = 10 V, !c = 10MA Are > 35 > 75 
at Vce = 10 V, lc = 150 mA hfe 40... 120 100... 300 
atVce = 10V,/lc = 0.5A Age > 25 > 40 

at Vce = 10V, lo =10mA,7; =—-55°C = Are > 15 > 35 
atVce = 1V,/c = 150mA Dre > 20 > 50 
Collector saturation voltage 

at Ic = 150 mA, /3 = 15 mA VCE sat < 0.3 V 
at Ic = 500 mA, /p = 50 mA VCE sat <1 V 
Base saturation voltage 

at !c = 150 mA, /3 = 15mA VBE sat < 1.2 V 
at Ic = 500 mA, /g = 50 mA VBE sat <2 V 


206 


2N 2221A, 2N 2222 A 


Collector cutoff current 

at Vcg = 60 V 

at Vcg = 60 V, Tomb = 150 °C 
at Vce = 60 V, Vez = 3 V 


Emitter cutoff current 
at Veg = 3V 


Base cutoff current 
at Vce = 60 V, Veg = 3V 


Collector base breakdown voltage 
atic = 10uA 


Collector emitter breakdown 
voltage 
at /c = 10 mA 


Emitter base breakdown voltage 
at/e = 10 uA 


h-parameters at f = 1 kHz 


Input impedance 
at Vce = 10 V,/c = 1 MA 
at Vce = 10 V,/-c = 10 MA 


Reverse voltage transfer ratio 
at Vcc = 10 V, /c = 1MA 
at Vce = 10 V,!c = 10 mA 


Small signal current gain 
at Vcc = 10 V,/c = 1MA 
at Vce = 10 V,/c = 10 MA 


Output admittance 
at Vce = 10 V,/c = 1 MA 
at Vce = 10 V,/c = 10 mA 


Collector base time constant 
at Vce = 20 V, /c = 20 mA, 
f = 31.8 MHz 


Noise figure 
at Vce = 10 V, /c = 0.1 mA, 
Ro = 1kQ, f = 1 kHz 


Thermal resistance 
Junction to ambient air 
Junction to case 


Curves and characteristics of types BSW 82... 


fp’ Ce 


Rtha 
Rithe 


for types 2 N 2221 A and 2 N 2222 A. 


< 84 


IcBo < 10 nA 
IcBo < 10 uA 
Icey < 10 nA 
lego < 10 nA 
legy < 20 nA 
Vierycao => 75 V 
ViBR)CEO >> 6 V 
ViBr)EBO -> 40 V 
2N2221A 2N 2222 A 
1...3.5 2...8 kQ 
0.2...1 0.25...1.25 kQ 
<5:104 <8-104 
<25:104 <4:104 
30... 150 50... 300 
50...300 Tous<coro 
3...15 5...35.  umho 
10...100 25...200 umho 
< 150 < 150 ps 
ee: <4 dB 
< 300 °C/W 
°C/W 


85 are valid analogously 
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2 N 2368 


NPN Silicon Epitaxial Planar Transistor 
for switching applications at switching frequencies up to 50...100 MHz 
and collector currents from 0.1 to 100 mA. 


This type is approved to MIL-S-19500. 


Metal case JEDEC TO-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 


max05¢ 
Maximum Ratings 
Collector base voltage Vcso 40 V 
Collector emitter voltage 
at Vee = 0 Vces 40 V 
atigz =O Vceo 15 V 
Emitter base voltage Veso 4.5 V 
Collector current Ic 200 mA 
Collector current, pulsed Ic 500 mA 
tp = 10 us duration 
Power dissipation 
at Tanb <— 25 °C Prot 0.36 W 
atTc =25°C Pro} 1.2 W 
Junction temperature Tj 200 °C 
Storage temperature range Ts —~65...+200 °C 


Characteristics at 7; = 25 °C 


DC current gain 


at Vce = 1V,/c =10MA ee 20...60 
at Vce = 1V, Ic = 10 mA, T; = —55 °C as > 10 
at Vce = 2V,/c = 100 mA hee > 10 


208 


2N 2368 


Collector saturation voltage VcEsat 0.2 (< 0.25) V 
at /c = 10 mA, /3 = 1mMA 


Base saturation voltage VeEsqr 0.7...0.85 Vv: 
at/c = 10mA,/3 = 1mMmA 


Collector cutoff current 


at Vcg = 20 V IcBo < 0.4 uA 
at Vcg = 20V, 7; = 150°C IcBo < 30 uA 
Collector base capacitance Ccao 2.5 (< 4) pF 

at Vcp0 = 5 V 

Gain bandwidth product fr > 400 MHz 
at Vce = 10 V,/c = 10 mA 

Storage time constant Ts < 10 ns 

at /c = /p) = —/p2 = 10 MA 

Turn-on time i < 12 ns 

at /c = 10 mA, /g; = 3 MA 

Turn-off time tott < 15 ns 

at /c = 10 mA, /g; = 3 mA, 

—/lpo9 = 1.5MA 

Thermal resistance 

Junction to ambient air Rtha < 480 °C/W 
Junction to case Rtnc < 150 °C/W 
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2 N 2368 


Common emitter Common emitter 
collector characteristics collector characteristics 


a 2N 2368... mA 2N 2368... 
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Collector saturation voltage 
versus collector current 


103 mA 


all 


Switching times 
versus collector current 
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2N 2368 


Base saturation voltage 
versus collector current 
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2 N 2369 


NPN Silicon Epitaxial Planar Transistor . 
for switching applications at switching frequencies up to 50... 100 MHz 
and collector currents from 0.1 to 100 mA. 


This type is approved to MIL-S-19500. 


Metal case JEDEC TO-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 


max05¢ 
Maximum Ratings 
Collector base voltage Vcso 40 V 
Collector emitter voltage 
at Vee = 0 Vces 40 V 
at/z3, =O VcEo 15 V 
Emitter base voltage Veso 4.5 V 
Collector current Ic 200 mA 
Collector current, pulsed Ic 500 mA 
tp = 10 us duration 
Power dissipation 
at Lomb = 25 id @- Prot 0.36 W 
atTc =25°C Piot 1.2 W 
Junction temperature T; 200 i © 
Storage temperature range Ts —65...+200 °C 


Characteristics at 7; = 25°C 


DC current gain 


at Vce = 1V,/c = 10MmA hee 40...120 
at Vce = 1V, /c = 10 mA, 7; = —55 °C Are > 20 
at Vce = 2V, Ic = 100 mA hee > 20 
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2N 2369 


Collector saturation voltage VeEsat 0.2(<0.25) V 
at /c = 10 mA, /3 = 1mA 


Base saturation voltage VeEsot O.7...0.85 V 
at /c = 10 mA, /3 = 1MA 


Collector cutoff current 


at Vcg = 20 V IcBo < 0.4 uA 

at Vcg = 20V, T; = 150°C Ico < 30 uA 
Collector base capacitance | Ccao 86.2.5 (<. 4) pF 

at Vcg9 = 5 V 

Gain bandwidth product fr > 500 MHz 
at Vce = 10 V,/c = 10 MA 

Storage time constant Ts < 13 ns 

at /c = /3; = —/p2 = 10mMA 

Turn-on time ton < 12 ns 
at /c = 10 mA, /g3 = 3m 

Turn-off time lott < 18 ns 

at /c = 10 mA, /3; = 3mMmA, 

—Ip9 =15mA 

Thermal resistance 

Junction to ambient air Rtha < 480 °C/W 
Junction to case Rtac < 150 °C/W 


Curves and characteristics of type 2 N 2368 are valid analogously for type 
2 N 2369. 
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2N 2369 A 


NPN Silicon Epitaxial Planar Transistor 


for switching applications at switching frequencies: up to 50... 100 MHz 
and collector currents from 0.1 to 100 mA. 


This type is approved to MIL-S-19500. 


Metal case JEDEC TO-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 


max05¢ 
Maximum Ratings 
Collector base voltage Vcro AO V 
Collector emitter voltage 
at Vee = 0 Vces 40 V 
at/g =O VcEO 15 V 
Emitter base voltage VeRo 4.5 V 
Collector current Ic 200 mA 
Collector current, pulsed Ic 500 mA: 
tp = 10 us duration 
Power. dissipation 
atTc = 25° C Prot 1.2 W 
Junction temperature T; 200 °C 
Storage temperature range Ts —65...+200 °C 
Characteristics at 7; = 25 °C 
DC current gain 
at Vce = 1V, lc = 10mA hee 40... 120 (66) 
at Vce = 0.35 V, Ic = 10 mA hee 40... 120 (63) 
at Vce = 0.4 V, /c = 30 mA hee 70 (> 30) 
at Vce = 1V, Ic = 100 mA hee > 20 
at Vce = 0.35 V, Ic = 10 mA, irs = —55 °C hee - 50 (> 20) 
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Collector saturation voltage 

at !c = 10 mA, /g3 = 1MA 

at /c = 30 mA, /3 = 3mA 

at /c = 100 mA, /s = 10 mA 

at/c = 10mA, /g = 1mA, Tj = 125°C 


Base saturation voltage 
at /c = 10 mA, /3 = 1MmA 
at !c = 30 mA, /3 = 3mA 
at lc = 100 mA, /g = 10 mA 


Collector cutoff current 
at Vcgo = 20 V, Tj; = 150°C 
atVce =20V 


Thermal resistance 


Junction to ambient air 
Junction to case 


Dynamic characteristics at Tomp = 25°C 


Gain bandwidth product 
at Vce = 10 V, Ic = 10 mA, f = 100 MHz 


Collector base capacitance 
at Vca9 = 5 V 


Storage time constant 
at /c = /p) = —lp2 = 10MA 


Turn-on time 
at /c = 10 mA, /33 = 3MA 


Turn-off time 
at /c = 10 mA, /g3 = 3 mA, —/p2 = 1.5mMmA 


Vce sat 
Vee sat 
Vee sat 
VcE sat 


VBE sat 
VBE sat 
VBE sat 


IcBo 
Ices 


Ritha 
Rinc 


Ccso 


lott 


2N 2369 A 


0.14 (< 0.2) 
0.17 (< 0.25) 
0.28 (< 0.5) 
0.19 (< 0.3) 


10 (< 30) 
50 (< 400) 


< 480 
< 150 


675 (> 500) 
2.3 (<4) 
6 (< 13) 
9 (< 12) 


13 (< 18) 


<<<< 


<<< 


uA 
nA 


°C/W 
°C/W 


MHz 


pF 


ns 


ns 


ns 


215 


2N 2369A 


Common emitter 
collector characteristics 
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Collector current versus 
base emitter voltage 
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Common emitter 
collector characteristics 


mA 2 N2369A 


DC current gain 
versus collector current 
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Collector saturation voltage 
versus collector current 
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Base saturation voltage 
versus collector current 
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Admissible collector emitter 
voltage versus 
base emitter resistance 


V 2 N2369A 


P PNT TT tT 
een eee 
aR eatin 

ie AG 
Serie Ree e 
et SH INSITE SPST 
elle DE ON ey 
poe | AG ee 


ort Tit | tilt fT Ty 
Set ariel 
LL mal 


ian 

fae a Oe 
pose sre see TC Ste 
ry et (DP 
0.1 1 10 ~ 100 kQ 
—S Ree 


21/ 


2N 2369 A 


Switching times Contours of constant 
versus collector current : gain bandwidth product 
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2N 2369 A 


219 


NPN Silicon 
High Frequency Transistors 
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BF 120 


NPN Silicon Epitaxial Planar Transistor 

with high collector emitter voltage, intended 

for use as interstage amplifier between the line 
frequency integrated circuit TAA 790 and the line 
output tube in TV sets. 


Metal case JEDEC TO-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 


Maximum Ratings 


Collector emitter voltage VceEo 
Emitter base voltage 7 VeBo 
Collector current. Ic 
Power dissipation 

at Tams — 25 °C Pio 
atTc = 25°C Prot 
Junction temperature Tj 
Storage temperature range Ts 


Characteristics at 7; = 25°C 


DC current gain hee 
at Vce = 10 V,/¢c = 10 mA 

Collector cutoff current IcBo 
at Vcep = 200 V 

Collector saturation voltage Vecésat 


at /c = 10 mA, /3 = 2mA 
Thermal resistance 


Junction to ambient air Ritha 
Junction to case Rinc 
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max05% 
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5 

50 mA 
300 mW 
790 mW 
175 °C 
—55... + 175°C 

> 20 

10(<200) nA 
<2 V 

< 500 °C/W 
< 200 °C/W 


Admissible power dissipation 
versus temperature 
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Common emitter 
collector characteristics 
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Collector cutoff current 
versus junction temperature 
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BF 121 


NPN Silicon Planar Transistor 
for RF applications up to 100 MHz in grounded emitter and grounded 
base connection, suited for forward and reverse AGC. 


Black plastic package 50 B 4 
The case is impervious to light. 
Weight approximately 0.1 g 
Dimensions in mm 


Maximum Ratings 


Collector emitter voltage VcEo 30 V 
Emitter base voltage VeBo 4 V 
Breakdown voltage of the Vcsoo 40 V 
screen diode 

Collector current Ic 25 mA 
Junction temperature Tj 125 °C 
Power dissipation at Tomp = 25 °C Prot 330! mW 


Static characteristics at Tamp = 25 °C 


DC current gain 


at Vce = 10 V,/c = 1mMA hee 72 
at Vce = 10 V,/c = 4 mA hee 80 (> 30) 
Thermal resistance Rina < 0.3! °C/mW 


Junction to ambient air 


' Valid provided the transistor is soldered onto a printed circuit board 
with 35 um copper foil at a distance of a = 1.5 mm between copper foil 
and transistor. For different values of “a” see curve “Admissible power 
dissipation versus ambient temperature”. 


Dynamic characteristics at Tomp = 25 °C 
Screen electrode at emitter potential, but grounded for RF 


Gain bandwidth product fy 350 MHz 
at Vce = 10 V, lc = 4mA 

Feedback capacitance —Cre 0.22 pF 
at Vce = 10 V, Jc = 1 mA, f = 10.7 MHz 

Noise figure 

at Vce = 10 V, Jc = 1 mA, f = 1 MHz, F 1.5 dB 
Rc = 500 Q, grounded emitter 

at Vce = 10 V, Ic = 2 mA, f = 100 MHz, F 3.5 dB 


Ro = 60 ®, grounded base 
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BF 121 


y-Parameters 


Test conditions: Vcg = 10 V, !c = 1 mA, ¢f = 500 kHz, grounded emitter 


Yie = (0.4 + j 0.06) mmho |Yte| = 35 mmho, @ = 0° 
Cie = 19 DF Yoe = (2.5 + j 4.3) umho 
lYre| = 0.6 umho, wm = —90° Coo = 1.5 PF 


Test conditions: Vcg = 10 V, Jc = 1 mA, f = 10.7 MHz, grounded emitter 


Vie = (0.53 + j 1.25) mmho lyre! = 35 mmho, w = —5° 
Cie = 19pF Yoo = (3.9 + j 94) umho 
|Yre| = 14 umho, gw = —92° Coo = 1.5 pF 


Test conditions: Vce = 10 V, Ic = 2 mA, f = 100 MHz, grounded emitter 


Yie = (15.5 + j 14.5) mmho \¥te| = 55mmho, gw = —34° 
|Yre| = 130 umho, p = —96° Coo = 1.4 pF 


Test conditions: Vce = 10 V, Ic = 2 mA, f = 100 MHz, grounded base 


A ae i ak lym | = 55 mmho, p = 148° 
) i Be : ere Yob = (46 + j 900) umho 
Yrb | = UMNO, p= — Cop = 1.4 pF 


The screen has to be grounded for RF. Smallest output and reverse 
capacitances are obtained with screen connected to emitter or base 
potential (see Fig. A... C). 


The screen diode can also be used as damper diode in parallel to the 
output resonant circuit of a RF stage. In this case the screen terminal 
has to be connected to the cold end of the output circuit (see Fig. D). 


ny : ec ak . Yoc Bi I | ec 
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BF 121 


Admissible power dissipation 
versus ambient temperature 


BF 121-127 


Input capacitance 
versus frequency 


Common emitter 
collector characteristics 
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Real part of input Imaginary part of input 
admittance versus frequency admittance versus frequency 
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BF 123. 


NPN Silicon Epitaxial Planar Transistor 
suited for TV IF amplifier stages without AGC, 
especially for video IF output stages 


Black plastic package 50 B 4 
The case is impervious to light. 
Weight approximately 0.1 g 
Dimensions in mm 


Maximum Ratings 


Collector emitter voltage VcEo 30 V 
Emitter base voltage VeEBo 4 V 
Breakdown voltage of the Vcsoo 40 V 
screen diode 

Collector current Ic 30 mA 
Junction temperature Tj 125 °C 
Power dissipation at Tamp = 25 °C Prot 330! mw 


Static characteristics at Tamb == 25°C 


DC current gain 
at Vce = 10V,/c = TMA hee 90 (> 35) 


atVce = 2V,lc =20mMmA hee > 15 

Base emitter voltage VBE 0.74(<0.9) V 

at Vce = 10 V,/c = 7MA 

Thermal resistance Riha < 0.31 °C/mW 


Junction to. ambient air 


' Valid provided the transistor is soldered onto a printed circuit board 
with 35 um copper foil at a distance of a = 1.5 mm between copper foil 


and transistor. For different values of “a” see curve “Admissible power 
dissipation versus ambient temperature”. 


Dynamic characteristics at Tgmp = 25 °C 
Screen electrode at emitter potentional, but grounded for RF 


Gain bandwidth product fT 550 MHz 
at Vce = 10V,/c =5mMA 

Feedback capacitance —Cr 0.3 pF 
at Vce = 10 V, /c = 1 mA, f = 10.7 MHz 

Max. available power gain Gemax 44.6 dB 


at Vce = 10 V, Ic = 7 mA, f = 35 MHz 
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y-Parameters 


BF 123 


Test conditions: Vcg = 10 V, /c = 7 mA, f = 35 MHz, grounded emitter 


y 


Cis = 45 pF 


Operating Data as 
f = 35 MHz 


1SpF «6 BpF 120pF 


~ 100/pF 


Power gain 
at lc = 7.2 mA 


= (5.9 + j 10) mmho Vtel 


lYre| = 65 umho, wm = — 94° 


= 185 (> 115) mmho, y =— 24° 
Yoe = (50 + j 395) umho 


Cas = 1.8 DF 
IF Amplifier 
2,.2pF 
(y : 
af 
391kQ ne 
8,2| pF li 


10 | pF 


Gp 26 dB 


The screen has to be grounded for RF. Smallest output and reverse 
capacitances are obtained with screen connected to emitter or base 
potential (see Fig. A... C). 
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BF 123 


Admissible power dissipation Common emitter 


versus ambient temperature collector characteristics 
mW BF 121-127 mA BF 123,125 
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Relative DC current gain 
versus collector current 


BF 123,125 
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BF 123 
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BF 125 


NPN Silicon Epitaxial Planar Transistor 
for RF amplifiers and oscillators up to 100 MHz 


Black plastic package 50 B 4 
The case is impervious to light 
Weight approximately 0.1 g 
Dimensions in mm 


Maximum Ratings 


Collector emitter voltage VcEo 30 V 
Emitter base voltage VeBo 4 V 
Breakdown voltage of the Vcsoo 40 V 
screen diode 

Collector current Ic 30 mA 
Junction temperature Tj 125 °C 
Power dissipation at Tamb = 25 °C Pitot 3301 mW 


Static characteristics at Tgmp = 25 °C 
DC current gain 


atVce = 10V,/c = 2mA hee 84 

at Vce = 10V,/c = 7MA hee 90 (> 35) 

at Vce = 2V,Ilc = 20MA hee > 15 

Thermal resistance — Ritha <0.3!' °C/mW 


Junction to ambient air 


' Valid provided the transistor is soldered onto a printed circuit board 
with 35 um copper foil at a distance of a = 1.5 mm between copper foil 
and transistor. For different values of “a” see curve “Admissible power 
dissipation versus ambient temperature’. 


Dynamic characteristics at Tomp = 25 °C 
Screen electrode at emitter potentional, but sicunded for RF 


Gain bandwidth product fr 450 MHz 
at Vce = 10 V,/c = 5 mA 

Oscillation cutoff frequency ” bie 2.4 GHz 
Feedback capacitance —Cre 0.3 pF 
at Vce = 10 V, Jc = 1 mA, f = 10.7 MHz . 
Noise figure F a. dB 


at Vce = 10 V, Ic = 2 mA, f = 100 MHz, 
Roe = 60 Q, grounded base 
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8a rh Ce 
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BF 125 


y-Parameters 


Test conditions: Vcg = 10 V, Ic = 2 mA, f = 500 kHz, grounded emitter 


Vie = (0.89 a5 j 0.08) mmho Vitel = 70 mmho, gm =0 O 
Cie = 25 pF Yoo = (4+ 45.7) umho 
lYre| = 0.9 umho, my = —90° Coe = 1.8 pF 


Test conditions: Vcg = 10 V, Ic = 2 mA, f = 10.7 MHz, grounded emitter 


Vie = (1.2 + j 1.6) mmho lve] = 70 mmho, y = —6° 
Ci. = 24 pF Yor = (4.5 + j 120) umho 
lYre| = 20 umho, gw = — 92° Cra = 1-8 oF 


Test conditions: Vcg = 10 V, lc = 2 mA, f = 100 MHz, grounded emitter 


Yie = (10.8 + j 14) mmho lYte| = 65 mmho, wm = — 25° 
Cie = 21pF Yor = (23 + j 1130) umho 
[Yre| = 185 umho, mw = — 95° Coo = 1.8 PF 


Test conditions: Vce = 10 V, /c = 2 mA, f = 100 MHz, grounded base 


Yib = (70 —j 12.6) mmho ly} = 65 mmho, m = 155 ° 
—Cip = 21 PF Yob = (23 + j 1130) umho 
Yrb| = 185 umho, m = — 85° Cop = 1.8 pF 


The screen has to be grounded for RF. Smallest output and reverse 
Capacitances are obtained with screen connected to emitter or base 
potential (see Fig. A...C). 


The screen diode can also be used as damper diode in parallel to the 
output resonant circuit of a RF stage. In this case the screen terminal 
has to be connected to the cold end of the output circuit (see Fig. D). 
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BF 125 


Admissible power dissipation Common emitter 
versus ambient temperature collector characteristics 
mW BF 121-127 mA BF 123,125 


Input capacitance Relative DC current gain 
versus frequency versus collector current 


BF 123,125 
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Real part of input 
admittance versus frequency 


BF 125 
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Forward transconductance 
characteristics 
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Imaginary part of input 
admittance versus frequency 
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BF 127 


NPN Silicon Epitaxial Planar Transistor 
especially designed for use in TV IF amplifiers with forward AGC 


Black plastic package 50 B 4 > 5 
The case is impervious to light +. Ss! 
Weight approximately 0.1 g ot AD c 
Dimensions in mm TAIN 

‘ E 
Maximum Ratings 
Collector emitter voltage VcEo 30 V 
Emitter base voltage VeEBo 4 V 
Breakdown voltage of the Vcsoo 40 V 
screen diode 
Collector current Ic 25 mA 
Junction temperature Tj 125 °C 
Power dissipation at Tgmp = 25 °C Piot 3301 mW 
Static characteristics at Tamp = 25 °C 
DC current gain hee 80 (> 30) 
at Vce = 10 V,/c = 4mMA 
Thermal resistance Riha < 0.31 °C/mW 


Junction to ambient air 


' Valid provided the transistor is soldered onto a printed circuit board 
with 35 um copper foil at a distance of a = 1.5 mm between copper foil 


and transistor. For different values of “a” see curve “Admissible power 
dissipation versus ambient temperature”. 


Dynamic characteristics at Tom, = 25 °C 
Screen electrode at emitter potentional, but grounded for RF 


Gain bandwidth product fr 350 MHz 
at Vce = 10 V,/c = 4mA 


Feedback capacitance —Cre 0.22 pF 
at Vce = 10 V, Jc = 1 mA, f = 10.7 MHz 


Max. available power gain Gpemax 48.2 dB 
at Vce = 10 V, Jc = 4mA, f = 35 MHz 


Noise figure F 3 dB 
at Vce = 10 V, Ic = 4mA, f = 35 MHz, 
Ro = 100 Q, grounded emitter 
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BF 127 


y-Parameters 
Test conditions: Vce = 10 V, Ic = 4 mA, f = 35 MHz, grounded emitter 
(5.4 + j 10) mmho lVre| = 115 (> 75) mmho, mw = —21° 


Yie 
lVre| = 48 umho, Ohe= 94 9 Cox = 1.4 pF 


Operating Data as IF Amplifier 
IF stage with AGC, f = 35 MHz 


10 pF 22pF 


2.1 HH 0.62 yH 33pF 


10 inF 


Power gain Gp 26 dB 
atic =4mA 
Gain control range AGp 60 dB 


The screen has to be grounded for RF. Smallest output and reverse 
capacitances are obtained with screen connected to emitter or base 
potential (see Fig. A... C). 
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BF 127 


Admissible power dissipation 
versus ambient temperature 


BF 121-127 


100 125 °C 


Gain bandwidth product 
versus collector current 
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Common emitter 
collector characteristics 


BF 121,127 
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Relative DC current gain 
versus collector current 


BF 121,127 
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BF 127 


IF power gain versus 
automatic gain control voltage 
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BF 137 


NPN Silicon Epitaxial Planar Transistor 
for video output stages 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1g 
Dimensions in mm 


Maximum Ratings 
Collector base voltage 
Collector emitter voltage 
Emitter base voltage 
Collector current 


Power dissipation 
at Leinb = 25 i © 
atTc = 100°C 


Junction temperature 


Storage temperature range 


Characteristics at 7; = 25°C 
DC current gain 
at Vce = 10 V,/¢ = 30 mA 


Collector saturation voltage 
at /c = 30 mA, /g = 6mA 
Collector cutoff current 

at Vcgp = 100 V 


Emitter cutoff current 
at Ves = 4V 


Collector base capacitance 
at Vcso = 20 V, f = 500 kHz 


Gain bandwidth product 
at Vce = 10V, Ic = 20 mA, f = 50 MHz 


Thermal resistance 
Junction to ambient air 
Junction to case 


240 


Vso 
VcEo 


VeBo 


hee 
VcE sat 
IcBo 
lego 


Ccso 


fr 


Rtha 
Ritac 


max.05 % 


—55...7 175 


< 220 
< 58 


°C 
°C 


MHz 


°C/W 
°C/W 


BF 137 


Admissible power dissipation Common emitter 
versus temperature collector characteristics 
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BF 198 


NPN Silicon Planar Transistor 
designed for RF applications; low feedback capacitance, especially suited 
for AGC in emitter-grounded IF stages in TV sets. 


Black plastic case = TO-92 
TO-18 compatible. 


The case is impervious to light. i) 
Weight approximately 0.18 g 3 
Dimensions in mm 

max.05¢ 125 

% 

Maximum Ratings 
Collector base voltage Vso 40 
Collector emitter voltage Veo 30 
Emitter base voltage VeBo 4 Vv 
Collector current Ic 25 mA 
Base current | Ip 3 mA 
Power dissipation at Tgmp = 25°C Ptot 300! mW 
Junction temperature q; 150 °C 
Storage temperature range Ts —5§5..45 +150. °C 
Characteristics at Tamp = 25°C 
DC current gain hee 80 (> 27) 
at Vce = 10 V, Ic = 10mA 
Base emitter voltage VBE 750. mV 
at Vcg = 10 V, lc =4mA 
Collector cutoff current IcBo < 100 nA 
at Vcg = 40 V . 
Thermal resistance Rina < 420! °C/W 


Junction to ambient air 


' Valid provided that leads are kept at ambient temperature at a distance 
of 2 mm from case. 
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Feedback capacitance 
at Vcp = 10 V, Ic = 1 mA, ¢ = 1 MHz 


Gain bandwidth product 
at Vcg = 10 V, Ic = 4mA, f = 100 MHz 


Noise figure at Vcg = 10 V, 
Ic =4mA, f = 35 MHz, Ro = 100 Q 


y-Parameters (emitter grounded) 
at f = 35 MHz, Vcp = 10V, lc =4mA 


Input admittance 
Output admittance 
Input Capacitance 
Output capacitance 


Forward transconductance 


Reverse transconductance 


Admissible power dissipation 
versus ambient temperature 
(see note on page 242) 


BF 198, 199 


CUNT 
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200 °C 


BF 198 


tr 400 MHz 

F 3 dB 

Jie 4.5 mmho 
Joe 35 umho 
Coe 1.3 pF 

lV te| 105 mmho 
Vie —20° 

\Vre| 45 umho 

Pre —95° 


Collector current 
versus base current 
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BF 198 


Forward transconductance Gain bandwidth product 
versus emitter current versus emitter current 
mmbho BF 198 MHz BF 198 
150 500 
Co eens TTT 
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BF 198 


BF 199 


NPN Silicon Epitaxial Planar Transistor 


designed for RF applications; low feedback capacitance, especially suited 


for emitter-grounded IF stages in TV sets. 


Black plastic case = TO-92 
TO-18 compatible. 

The case is impervious to light. 
Weight approximately 0.18 g 
Dimensions in mm 


Maximum Ratings 

Collector base voltage 

Collector emitter voltage 

Emitter base voltage 

Collector current 

Base current 

Power dissipation at Tgmb = 25°C 
Junction temperature 


Storage temperature range 


Characteristics at Tamp = 25°C 


DC current gain 
at Vce = 10V, Ic = 7MA 


Base emitter voltage 
at Vcp = 10 V, Ic =7mA 


Collector cutoff current 
at Vcp = 40 V 


Thermal resistance 
Junction to ambient air 


Vcso 


Vceo 


VeBo 


hre 


Vee 


- Icpo 


Rtha 


max.05 ¢ 


88 (> 38) 


750 


< 100 


< 420! 


max.3 


1,25 


mV 


nA 


°C/W 


' Valid provided that leads are kept at ambient temperature at a distance 


of 2 mm from case. 


246 


Feedback capacitance 
at Vcp = 10 V, Ic = 1 mA, f = 1 MHz 


Gain bandwidth product 
at Vcg = 10 V, Ic = 5mA, f = 100 MHz 


y-Parameters (emitter grounded) 
at f = 35 MHz, Vcg = 10V, Ic =7mA 


Input admittance 
Output admittance 
Input capacitance 
Output capacitance 


Forward transconductance 


Reverse transconductance 


Admissible power dissipation 
versus ambient temperature 
(see note on page 246) 


mW BF 198,199 


BF 199 


—Cre 0.32 pF 

ft 550 MHz 
Jie 5 mmho 
Joe 75 umho 
Cie 45 DF 
Coe 1.6 pF 
Vte| 175 mmho 
Vte —25° 

Yrel 65 umho 
Pre —95° 


Common emitter 
input characteristic 


0.1 
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BF 199 


Common emitter 
collector characteristics 


Collector current 
versus base current 


Vee =10 V 
Tamb= 25 °C 
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Common emitter 
collector characteristics 
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Gain bandwidth product 
versus emitter current 


300 


Forward transconductance 
versus emitter current 
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BF 240, BF 241 


NPN Silicon Epitaxial Planar Transistors 


designed for emitter-grounded AM and FM amplifier stages 


Black plastic case ~ TO-92 
TO-18 compatible. 

The case is impervious to light. 
Weight approximately 0.18 g 
Dimensions in mm 


Maximum Ratings 

Collector base voltage 

Collector emitter voltage 

Emitter base voltage 

Collector current 

Base current 

Power dissipation at Tamp = 25 °C 
Junction temperature 


Storage temperature range 


Characteristics at Tomp = 25 °C 


DC current gain 


at Vce = 10V, Ic =1mA BF 240 
BF 241 


Base emitter voltage 
at Vcg = 10 V, Jc = 1MA 


Collector cutoff current 
at Vcg = 20 V 


Thermal resistance 
Junction to ambient air 


Vcso 
Vceo 


VeEBo 


Are 
he 
Vee 


IcBo 


Rtha 


max.05¢ 125 
40 
40 
4 V 
25 mA 
2 mA 
300! mW 
150 °C 


67... 220 
36... 125 


700 (650... 740) mV 


< 100 nA 


< 420! °C/W 


' Valid provided that leads are kept at ambient temperature at a distance 


of 2 mm from case. 
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Collector base breakdown voltage 
at lc = 10uUA 


Collector emitter breakdown voltage 
at/c = 2mA 


Emitter base breakdown voltage 
at /e = 10 uA 


Gain bandwidth product 
at Vcao = 10 V, Ic =1 mA, f = 100 MHz 


Feedback capacitance 
at Vcg = 10 V, Ic = 1 mA, f = 1 MHz 


Noise figure (emitter grounded) 
atVcp = 10 V,‘lc = 1MA 

Go = 5mmho, f = 200 kHz 

Yo = (6.6 —j 3.3) mmho, f = 100 MHz 


Output admittance 


at Vcg = 10 V,/c = 1mA,f = 1 
at Vcp = 10 V, Ic = 1 MA, f = 470 kHz 


Gain bandwidth product 
versus collector current 


BF 240/241 


BF 240, BF 241 


Viprycpao > 40 V 
Viaryceo —> 40 V 
VipryEBO > 4 V 


BF 240 BF 241 
fr 430 400 MHz 


F 1.5 (< 3.5) dB 
F 1.6 dB 
Joe < 10.5 umho 
Joe < 8.3 umho 


Max. available power gain 
versus collector current — 


BF 240/241 
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BF 240, BF 241 


Forward transconductance 
at 10.7 MHz versus 
collector current 


BF 240/241 


Feedback capacitance 
at 10.7 MHz versus 
collector base voltage 


pF BF 240/241 


f =10.7 MHz 
Te=1..10 mA 
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100 


Forward transconductance 


at 100 MHz versus 
collector current 


BF 240/241 
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collector base voltage 
BF 240/241 
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BF 240, BF 241 


Input admittance Input admittance 
at 10.7 MHz versus at 100 MHz versus 
collector current collector current 
mmho BF 240/241 mmho BF 240/241. 


input capacitance Input capacitance 


at 10.7 MHz versus at 100 MHz versus 
collector current collector current 
pF BF 240/241 pF BF 240/241 


100 
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BF 240, BF 241 


Output admittance 
at 10.7 MHz versus 
collector current 


TT 
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Output capacitance 
at 10.7 MHz versus 
collector current 


BF 240/241 
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Output admittance 
at 100 MHz versus 
collector current 


imho BF 240/241 


8 10mA 


Output capacitance 
at 100 MHz versus 
collector current 


pF BF 240/24) 
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BF 257, BF 258, BF 259 


NPN Silicon Epitaxial Planar Transistors 
for video output stages 


Metal case JEDEC TO-39 
Weight approximately 1g 
Collector connected to case 


Dimensions in mm max.05 ¢ 
Maximum Ratings BF 257 BF 258 BF 259 
Collector base voltage Vso 160 250 300 V 
Collector emitter voltage Veo 160 250 300 V 
Collector emitter voltage Veer 160 250 300 V 
at Age = 1 kQ 

Emitter base voltage VeBo 5 V 
Collector current Ic 100 mA 
Power dissipation Prot 5 W 
at Te = 25°C 

Junction temperature i 175 °C 


Characteristics at 7; = 25°C 


DC current gain hre > 25 
at Vce = 10 V, Ic = 30 mA 
Collector saturation voltage VCE sat <1 V 


at /c = 30 mA, /3 = 6MA 


Collector cutoff current BF 257 BF 258 BF 259 


at Vcg = 100 V IcBo <50 —- — nA 
at Vcp = 200 V IcBo — <50 —- nA 
at Vcg = 250 V IcBo _ _ < 50 nA 
Collector base Visrycgso «=SliCs > 160 => 250 > 800 «~V 
breakdown voltage 

at /c = 100 uA 

Collector emitter V(BR)CEO > 160 >250 >300 V 
breakdown voltage 

at/c =10mA 


256 


Prot 


Emitter base 
breakdown voltage 
at /e = 100 uA 


Gain bandwidth product 
at Vce = 10 V, Jc = 15 mMA 


Feedback capacitance 
at Vcp = 30V, f = 1 MHz 


Output capacitance 
at Vcgp = 30 V, f = 1 MHz 


Thermal resistance 
Junction to case 


Admissible power dissipation 
versus case temperature 


BF 257/8/9 


BF 257, BF 258, BF 259 


> 5 V 


V(BR)EBO 

fr 90 MHz 
ICre| 4.2 pF 
Coe 5.5 pF 
Rthec < 30 °C/W 


Pulse thermal resistance 
versus pulse duration 


BF 257/8/9 
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BF 257, BF 258 BF 259 


Common emitter 
collector characteristics 
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Common emitter 
collector characteristics 


mA BF 257/8/9 
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Small signal current gain 
versus collector current 


BF 257/8/9 
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Collector saturation voltage 
versus collector current 


V BF 257/8/9 


Collector current versus 
base emitter voltage 
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BF 257, BF 258, BF 259 


Collector saturation voltage 
versus junction temperature 


V BF 257/8/9 
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Base emitter voltage 
versus ambient temperature 


BF 257/8/9 
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BF 257, BF 258, BF 259 


Collector cutoff current Contours of constant 
versus ambient temperature gain bandwidth product 
nA BF 257/8/9 V BF 257/8/9 


COCEE AT 


BF 257 : Yop =100V 
BF 258 : Wg =200V 
=250V 
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h-Parameters versus h-Parameters versus 
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Output capacitance and 
feedback capacitance 
versus collector base voltage 
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BF 257, BF 258, BF 259 
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NPN Silicon 
Power Transistors 
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BD 106, BD 107 


NPN Silicon Epitaxial Planar Power Transistors 
for use in AF output stages, available matched in pairs 


These transistors are subdivided into two groups A and B 
according to their DC current gain. 


Metal case SOT-9 
Collector connected to case 
Weight approximately 8g 


A set of accessories No. 9 

will be delivered with each 

transistor on request. 

This set consists of: 

1 insulating washer No. 02 911 mica 

2 insulating bushes No. 02 321 polycarbonate 


Insulating washer No. 02 911 Insulating bush No. 02 321 


Dimensions in mm 
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Maximum Ratings 
Collector base voltage 
Collector emitter voltage 
Emitter base voltage 
Collector current 


Power dissipation 
at Tc = 25°C 


Junction temperature 


Storage temperature range 


Characteristics at T; = 25°C 


DC current gain 

at Vce = 2V, Ic =0.5A 

at Vce = 2 V, /c = 1.5A (BD 106 only) 
at Vce = 2 V, Ic = 1 A (BD 107 only) 


Collector saturation voltage 
atic = 2.5A, 1g = 0.25A 


Collector cutoff current 
‘at Vcg = 32 V (BD 106) 
at Vcp = 60 V (BD 107) 


Gain bandwidth product 
at Vce = 10 V, lc = 0.3A, f = 50 MHz 


Collector base capacitance 
at Vcpao = 10 V, f = 1 MHz 


Thermal resistance 
Junction to case 


BD 106, BD 107 


BD 106 BD 107 


Vcso =: 36 64 V 
Vceo =: 336 64 V 
VeBo 5 V 
Ic 2.5 A 
Prot 11.5 W 
ie 175 °C 
Ts — 55.45.7175 °C 


BD 106A BD106B 
BD107A BD 107B 


hreo.sA 59O0...150 100...300 
AFE1.5A > 0.7 -HFEO.5SA 


hee 1A > 0.7 + AFe0.5A 

VcE sat <1 V 
Iceo 0.01(<0.5) vA 
IcBo 0.01 (< 0.5) uA 

fr 100 MHz 
Ccso 25 pF 
Rtac <1er * °C/W 


The thermal resistance Rinc rises approximately 0.5 °C/W by insulated 


mounting using accessory set No. 9. 
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BD 106, BD 107 


Admissible power dissipation 
versus case temperature 


BERERRREEE 
CURTRLETEE 
Sitti ty TT 
PN 


STINT ET 
BERRNEEEED 
Flat 


Common emitter 
collector characteristics 


A BD 106 
2 


r=25°c| | A716] je 
ree 


U7 


if ose 
W/2a08 


Wert Lilet 
WATT LL 


ee 


fo 


266 


Pulse thermal resistance 
versus pulse duration 
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Common emitter 
collector characteristics 


A BD 107 
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Collector saturation voltage 
versus collector current 


V BD 106,107 
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Admissible collector current 
versus collector emitter voltage 


A BD 106,107 
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Base saturation voltage 
versus collector current 
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Relative DC current gain 
versus collector current 
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BD 135, BD 137 


NPN Silicon Epitaxial Planar Power Transistors 
for AF driver stages in hifi equipment and for push- sail output stages 
matched with BD 136/138 as complementary pairs. 


These transistors are available either as matched pairs or as complemen- 
tary pairs BD 135/ BD 136 or BD 137 / BD.138. Matching condition: The 
typical ratio of the DC current gain of a matched pair at |Vce] = 2V, 
[Ic] = 150 mA is 1.3 (max. 1.6). 


max.2.8 


Plastic case SOT-32 
Collector connected 


to metal base ? 
Weight approximately 1g 

Dimensions in mm 

Maximum Ratings BD 135 BD 137 
Collector base voitage Vso 45 60 V 
Collector emitter voltage Vceo 45 60 V 
Emitter base voltage VeEBo 5 V 
Average collector current Icav 0.5 A 
Peak collector current lcm 1.5 A 
Power dissipation Prot 6.5 W 
at Tc < 60°C 

Junction temperature Tj 125 °C 
Storage temperature range Ts 2955 2.06 125 °C 


Characteristics at 77 = 26°C 


BD 135 BD 137 
DC current gain 
at Vcc = 2V, Ic =5mMmA here > 25 > 25 
at Vcc = 2V, Ic = 150 mA hre 40...250 40...160 
at Vce = 2V, Ic = 500 mA Are > 25 z 25 
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BD 135, BD 137 


Base emitter voltage VBE <1 V 
at Vce = 2 V, Ic = 500 mA 


Collector saturation voltage VCE sat < 0.5 V 
at Ic = 500 mA, /g = 50 mA 


Collector cutoff current 


at Vcg = 30 V IcBo < 100 nA 

at Vcp = 30 V, T; = 125°C IcBo < 10 uA 
Emitter cutoff current leBo < 10 LA 

at Veg = 5V 

Gain bandwidth product fr 250 MHz 
at Vce = 5 V, Ic = 50 mA, 

f = 35 MHz 

Thermal resistance 

Junction to ambient air Ritha < 100 °C/W 
Junction to metal base Rinc < 10 °C/W 
Metal base to heat sink Rincss < 1 °C/W 
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BD 185, BD 187 


Admissible power dissipation 
versus 
metal base temperature 


Ww BD 135,137 
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Pulse thermal resistance 
versus pulse duration 
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Multiplier for admiss. power 
dissipation for non-periodic 
pulses versus pulse duration 


BD 135, 137 
10 
ot pmax 
P 


tot max 


Admissible collector current 
versus collector emitter voltage 


A BD 135,137 


To <60°C 
a) DC current 
b) Non-periodic pulses 
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Collector current 
versus base current 
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Collector current versus 
base emitter voltage 
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Collector current 
versus base current 
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DC current gain versus 
collector current 
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BD 185, BD 137 


Common emitter Common emitter 
collector characteristics collector characteristics 


A BD 135,137 A BD 135,137 
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Base current versus Gain bandwidth product 
junction temperature versus collector current 
mA | BD 135,137 MHz BD 135,137 
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BD 135, BD 187 


BD 189 


NPN Silicon Epitaxial Planar Power Transistor 
for AF driver stages in hifi equipment and for push-pull output stages 
matched with BD 140 as complementary pair. 


This transistor is available either as matched pair or as complementary 
pair BD 139/BD 140. Matching condition: The typical ratio of the DC 
current gain of a matched pair at [Vce| =2V, |/cl = 150 mA is 1.3 
(max. 1.6). 


max.2.8 


Plastic case SOT-32 
Collector connected 


to metal base eS 
Weight approximately 1g 

Dimensions in mm 

Maximum Ratings 

Collector emitter voltage . VcER 100 V 
at Rge < 1 kQ 

Collector emitter voltage Vceo 80 Vi. 
Emitter base voltage VeBo 5 V 
Average collector current Icav 0.5 A 
Peak collector current Icom 1.5 A 
Power dissipation Prot 6.5 W 
at Tc < 60°C 

Junction temperature Tj 125 °C 
Storage temperature range Ts —55...+125 °C 


Characteristics at 7; = 25 °C 


DC current gain 


at Vce = 2V, lc = 5 mA Are > 25 
at Vce = 2V, Ic = 150 mA Age 40...160 
at Vce = 2V, Ic = 500 mA Arg > 25 
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Base emitter voltage 
at Vce = 2V,/c = 500 mA 


Collector saturation voltage 
at [- = 500 mA, /g = 50 mA 


Collector cutoff current 
at Vcg = 30 V 
at Vcp = 30 V, 7; = 125°C 


Emitter cutoff current 
at Veg = 5V 


Gain bandwidth product 
at Vce = 5 V, Ic = 50 mA, 
f = 35 MHz 


Thermal resistance 

Junction to ambient air 
Junction to metal base 
Metal base to heat sink 


VBE 


VcE sat 


IcBo 
IcBo 


lEBO 


fT 


Ritha 
Ritnc 
Rincis 


BD 189 
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BD 1389 


Admissible power dissipation 
versus 
metal base temperature 
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Pulse thermal resistance 
versus pulse duration 
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rot max 


Multiplier for admiss. power 
dissipation for non-periodic 
pulses versus pulse duration 
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Admissible collector current 
versus collector emitter voltage 
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a) DC current 
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Collector current 
versus base current 
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Collector current versus 
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DC current gain versus 
collector current 
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BD 189 


Common emitter Common emitter 


collector characteristics collector characteristics 
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BD 139 


279 


BD 306, BD 307 


NPN Silicon Epitaxial Planar Power Transistors 
for use in AF output stages, available matched in pairs. 


These transistors are subdivided into two groups A and B according to 


their DC current gain. 


Plastic case SOT-32 
Collector connected 

to metal base 

Weight approximately 1g 
Dimensions in mm 


Maximum Ratings 


Collector base voltage Vso 
Collector emitter voltage VcEo 
Emitter base voltage VeBo 
Collector current Ic 
Power dissipation Prot 
at Tc = 25°C . 

Junction temperature Tj 
Storage temperature range Ts 


Characteristics at 7; = 25 °C 


DC current gain 

at Vce = 2V, Ic = 0.5A AFE0.5A 
at Vce = 2V, Ic = 1.5A(BD 306 only) Are 7.54 
at Vce = 2V, !c = 1 A(BD 307 only) Areia 


Collector saturation voltage VCE sat 
at [Ic =2.5A, /p = 0.25A 


Collector cutoff current 


at Vcg = 32 V (BD 306) IcBo 
at Vcg = 60 V (BD 307) IcBo 
Gain bandwidth product fr 

at Vce = 10 V, Ic = 0.3A, f = 50 MHz 
Collector base capacitance Ccso | 
at Vcgo = 10 V, f = 1 MHz 

Thermal resistance Rinc 


Junction to metal base 
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36 
36 


max.2.8 


05 
EcB 
BD 306 BD 307 

64 V 

64 V 
5S) V 
2.9 A 
12.5 W 
125 °C 


BD306A BD306B 
BD 307A BD307B 


50%). 


150 100...300 
> 0.7 + AFEO.5A 
> 0.7 + hFEO.5A 


<1 V 


0.01(<0.5) pA 
0.01(<05)  wA 


100 MHz 
25 pF 
<8 °C/W 


BD 306, BD 307 


Common emitter Common emitter 
collector characteristics collector characteristics 
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Collector saturation voltage | Base saturation voltage 
versus collector current versus collector current 
V BD 306, 307 Vv BD 306,307 
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BD 306, BD 307 


Admissible power dissipation Relative DC current gain 
versus metal base temperature versus collector current 
WwW BD 306, 307 , BD 306, 307 


RLERRZAAEL 
SURERAIRES 
SRSERAARLE 
EKGREEEEEE 


Sah 
a Teale aalslt TL dea eal 


Ce ees 


01 
10°73 10-2 107! 1 10A 


Admissible collector current 
versus 
collector emitter voltage 
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BDY 15, BDY 16 


NPN Silicon Epitaxial Planar Power Transistors 
for switching and amplifier applications 
in commercial electronic design 


These transistors are subdivided into three groups A, B and C according 
to their DC current gain. Type BDY 16 is available in groups A and B only. 


Metal case SOT-9 
Collector connected to case 


Weight approximately 8 g 


A set of accessories No. 9 

will be delivered with each 

transistor on request. 

This set consists of: 

1 insulating washer No. 02911 mica 

2 insulating bushes No. 02321 polycarbonate 


Insulating washer No. 02 911 Insulating bush No. 02 321 


0,05 thick 


Dimensions in mm 
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Maximum Ratings 
Collector base voltage 
Collector emitter voltage 
Emitter base voltage 
Collector current 


Peak collector current 
att < 100 ms 


Power dissipation 
at Tc = 25°C 


Junction temperature 


Storage temperature range 


Characteristics at 7; = 25°C 


DC current gain 
atVce = 2V, Ic =0.5A 
atVce = 2V, 1c =2.5A 


Collector saturation voltage 


atic = 2.5A, /3 = 0.25A 


Collector cutoff current 
at Vcg = 30 V (BDY 15) 
at Vcg = 60 V (BDY 16) 


Gain bandwidth product 
at Vce = 10 V, Ic = 0.3A, 
f = 50 MHz 


Collector base capacitance 


at Vcgo = 10 V, f = 1 MHz 


Thermal resistance 
Junction to case 


BDY 15, BDY 16 


BDY 15 BDY 16 
Vcso 36 64 V 
Vceo 36 64 V 
VeBo 5 V 
Ic 25 A 
Icom 4 A 
Prot 11.5 W 
T; 175 °C 
Ts —55...7+175 °C 
BDYi5A BDY15B BDY15C 
BDY16A BDY16B 
here 50...150 100...300 200...600 
hee > 15 > 25 > 35 
VcE sat < 1 V 
IcBo 0.01 (< 0.1) uA 
IcBo 0.01 (< 0.1) uA 
fr 100 MHz 
Ccso 25 DF 
Rihe < 13 °C/W 


The thermal resistance Rinc rises approximately 0.5°C/W by insulated 
mounting using accessory set No. 9. 


Curves and characteristics of types BD 106 and BD 107 are valid analo- 
gously for types BDY 15 and BDY 16. 
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2 N 3055 


Diffused NPN Silicon AF Power Transistor 
with excellent second-breakdown properties, 
for AF high power output stages, stabilizer 
circuits and power switches 


Metal Case JEDEC TO-3 
Collector connected to case 
Weight approximately 23 g 


A set of accessories No. 3 

will be delivered with each 

transistor on request. 

This set consists of: 

1 insulating washer No. 02 311 mica 

2 insulating bushes No. 02 321 polycarbonate 


Insulating washer No. 02 311 Insulating bush No. 02 321 


Dimensions in mm 
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Maximum Ratings 
Collector base voltage 


Collector emitter voltage 


at Vag = —1.5V 
at Age = 100 Q 
atiz3; =O 


Emitter base voltage 

Collector current 

Base current 

Power dissipation at Tc = 25°C 
Junction temperature 

Storage temperature range 
Soldering temperature at the pins 
for max. 10 s, at min. 1 mm distance 
between glass seal and joint 
Characteristics at Tc = 25°C 

DC current gain 

atVce = 4V, Ic =4A 

atVce = 4V, lc =10A 


Collector saturation voltage 
atic = 4A,/3 =0.4A 


Base emitter voltage 
atVce = 4V, Ic =4A 


Collector cutoff current 

at Vcc = 100 V, Vaz = —1.5V 

at Vce = 100 V, Vee = —1.5V, Tc = 150 °C 
at Vcc = 30 V 


Emitter cutoff current 
atVezs = 7V 


Collector emitter breakdown voltage 
at /c = 200 mA, /g = 0 

at /c = 100 mA, —Vge = 1.5 V 

at /c = 200 mA, Ree = 100 Q 


Small signal current gain 
at Vce = 4V, lc = 1A, f = 1 kHz 


Gain bandwidth product 
atVce =4V,IcC=1A 


Thermal resistance 
Junction to case 


Vso 


Vcev 
Vcer 
Veo 


VeEBo 


FE 
FE 


Vee sat 


VBE 


Icey 
IcEv 
Ice 


leBo 


V(BR)CEO 
V(BR)CEV 
V(BR)CER 


hte 


fr 


Rthe 


2N 3055 


100 V 
90 V 
70 V 
60 V 

7 V 
15 A 

7 A 
115 W 
200 °C 
—65... +200 °C 
235 °C 
20...70 

>5 

< 1.1 V 
< 1.8 V 
<5 mA 
< 30 mA 
< 0.7 mA 
<5 mA 
> 60 V 
> 90 V 
> 70 V 
15...120 

1.5 (> 0.8) MHz 
< 1.5 °C/W 
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2N 3055 


Admissible power dissipation Common emitter 
versus case temperature collector characteristics 
Ww 2N3055 A 2 N 3055 


Admissible collector current Derating factor of admissible 
versus collector emitter voltage collector currents as shown 
in the graph on the left 


versus case temperature 
A 2N3055 2N3055 
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Common emitter 
input characteristics 
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Collector current versus 
base emitter voltage 
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Gain bandwidth product 
versus collector current 
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2 N 3055 


Admissible collector emitter Admissible turnoff collector 
voltage versus peak current versus emitter 
base emiiter resistance base voltage after turnoff 

Vv 2.N 3055 A 2 N 3055 


inductance 
L «200 pH 
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2N 3055 
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PNP Silicon Transistors 
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BC 160, BC 161 


PNP Silicon Epitaxial Planar Transistors 
for switching and amplifier applications 
These types are subdivided into three groups, -6, -10 and -16, according 
to their DC current gain 

These transistors are available either as matched pairs or as 
complementary pairs BC 140/BC 160 or BC 141/BC 161 resp. 
Matching condition: The ratio of the DC current gains of a 
matched pair at |Vce| = 1 V, |/c| = 100 mA is less than 1.25. 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1 g 
Dimensions in mm 


max.05 ¢ 
Maximum Ratings BC 160 BC 161 
Collector base voltage —Vcpo 40 60 V 
Collector emitter voltage —Vcro 40 60 V 
Emitter base voltage —Vego 5 5 V 
Collector current —Ic 1 A 
Base current —Ig 0.1 A 
Power dissipation 
at Tamb = 25°C Pitot 0.75 W 
atTc =60°C,—Vce<8V Pitot 3.2 W 
Junction temperature Tj 175 °C 
Storage temperature range Ts —55...+175 °C 
Characteristics at 7; = 25 °C BC 160-6 BC 160-10 BC 160-16 


BC 161-6 BC 161-10 BC 161-16 
DC current gain 


at —Vce = 1V, —/c = 0.1 mA hFE 46 80 120 

at —Vce = 1V, —/c = 100 mA hee 63 100 160 
(40...100) (63...160) (100...250) 

at-—Vce=1V,-/c=1A hFE 15 20 30 

Collector saturation voltage —VCE sat 0.6 (< 1) V 


at —lc = 1A,—/p = 100 mA 


Base emitter voltage —VoeeE 1.0 (< 1.7) V 
at —Vce = 1V,-—/c=1A 
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BC 160, BC 161 


BC 160 BC 161 
Collector cutoff current 


at —Vcr = 40 V —IcEs 10 (<< 100) — nA 
at —Vce = 60 V —IceEs _ 10 (< 100) nA 
at —Vce = 40 V, 7; = 150°C —IcEs 10 (< 100) — uA 
at —Vce = 60 V, T; = 150°C —IceEs — 10 (<< 100) uA 


Collector emitter 
breakdown voltage 


at —/c = 0.1 mA —Vieryces —> 40 > 60 V 

at —/c = 50 mA (pulsed 200 us, 1%) —Visrjceo > 40 > 60 V 
Emitter base —ViprjeBo > 5 > 5 V 
breakdown voltage 

at —l- = 0.1mA 

Gain bandwidth product fr > 50 MHz 
at —Vce = 10 V, —/c = 50 mA, 

f = 20 MHz 

Collector base capacitance Ccso < 30 pF 
at —Vceo = 10 V, f = 1 MHz 

Emitter base capacitance Cego < 180 pF 

at —Vego = 0.5 V, f = 1 MHz 

Thermal resistance : 
Junction to case Rinc < 35 °C/W 
Junction to ambient air Rtha < 200 C/W 
Switching Times at —/c = 100 mA, —/57 = /p2 ~5 mA 

Turn-on time fen < 500 ns 
Turn-off time tort < 650 ns 


Test Circuit for Switching Times 


to scope with 
( =15-05 


Zin =? 100 kQ 


Rise time and fall time of input voltage < 15 ns, 
generator impedance 50 Q. 
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BC 160, BC 161 


Admissible power dissipation 
versus temperature 
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Pulse thermal resistance 
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°C/W BC 160, 161 
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Admissible power dissipation 
versus temperature 
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Collector cutoff current 
versus junction temperature 


nA BC 160, 161 
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BC 160, BC 161 


DC current gain DC current gain 
versus collector current versus collector current 


BC 160-6, 161-6 BC 160-10, 161-10 


— typical 


DC current gain Collector current 
versus collector current versus base emitter voltage 


BC 160-16 161-16 mA BC 160 161 
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BC 160, BC 161 


Common emitter Common emitter 
collector characteristics collector characteristics 
mA BC 160, 161 A BC 160, 161 
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Common emitter 
collector characteristics 


A BC 160, 161 


Sr Vee 


BC 160, BC 161 


Collector saturation voltage Base saturation voltage 
versus collector current versus collector current 
V BC 160, 161 V BC 160, 161 


—— typical 
—-— limits 
at gmb= 25 °C 


-VBEsat 


EL TTT TY 
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Gain bandwidth product Collector base capacitance, 
versus collector current Emiiter base capacitance 
versus reverse bias voltage 


MHz BC 160 , 161 pF BC 160, 161 


01 o 3 as 1 2 345 10V 
————™ -Eg9. “go 
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BC 192 


PNP Silicon Epitaxial Planar Transistor 
for switching and amplifier applications | 


Metal case JEDEC TO-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 


max05¢ 
Maximum Ratings 
Collector base voltage —Vcso 25 
Collector emitter voltage —VcEo 25 
Emitter base voltage | —Vego §8=«5 V 
Collector current —Ic 500 mA 
Base current : —lp 100 mA 
Power dissipation 
at lant = 25 °C Piot 0.4 W 
atTc =25°C Prot 1.8 W 
Junction temperature iT; 200 °C 
Characteristics at 7; = 25 °C 
DC current gain hee 60... 180 
at —Vce = 5V, —lc = 50 mA 
Collector saturation voltage —VcE sat < 0.25 V 
at —/c = 50 mA, —/3p = 5 mA 
Collector cutoff current ; —Icpo 10(<100) nA 
at —Vcg = 20 V 
Collector base capacitance Ccso 12 > “DF 
at —Vceo = 10 V, f = 1 MHz 
Gain bandwidth product tr > 100 MHz 
at —Vce = 5V, —/c = 50mA 
Thermal resistance | 
Junction to ambient air Riha < 440 °C/W 
Junction to case Rithc < 97 °C/W 


BC 192 


Admissible power dissipation Common emitter 
versus temperature. collector characteristics 
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Relative DC current gain Collector cutoff current 
versus collector current versus junction temperature 
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BC 250, BC 260 


PNP Silicon Epitaxial Planar Transistors 
for switching and amplifier applications 


The transistors are subdivided into three groups A, B and C according to 
their DC current gain. 


5 
E 
max.Q5¢ 125 max0.5% 
BC 250 BC 260 
Green plastic package ~ TO-92, Metal case JEDEC TO-18 
TO-18 compatible. Collector connected to case 
The case is impervious to light. Weight about 0.35 g 
Weight about 0.18 g Dimensions in mm 
Dimensions in mm 
Maximum Ratings 
Collector base voltage —Vcso 20 V 
Collector emitter voltage —Vceo 20 V 
Emitter base voltage —Uego 5 V 
Collector current —Ic 100 mA 
BC 250 BC 260 

Power dissipation Pio¢ 300" 300 mw 
at Tomp = 25°C 
Junction temperature T; 150 175 °C 
Storage temperature range Ts —55...+150 —65...+175 °C 


1 Valid provided that leads are kept at ambient temperature at a distance 
of 2 mm from case. 
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100 


Characteristics at 7; = 25°C 
DC current gain hre 
—Vce = 1V,-/lc =1mA 


Collector saturation voltage 
at —/c = 30 mA, —/g3 = 3mA 


Collector cutoff current 
—Vcp = 15 V 


Emitter cutoff current 
—Veg = 4V 


Gain bandwidth product 
—Vce = 5V,—Ic = 10 mA, 
f = 100 MHz 


Collector base capacitance 
—Vcpeo = 10 V, f = 1 MHz 


Emitter base capacitance 
—Vego = 0.5 V,f = 1 MHz 


Thermal resistance 
Junction to ambient air 
Junction to case 


Rtha 
Rthe 


Admissible power dissipation 
versus ambient temperature’ 
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BC 250, BC 260 


BC 250A BC250B BC250C 
BC 260A BC260B BC 260C 


35...100 80...250 200...600 


—Vce sat 0.4 


—Icgo < 100 nA 


—lEBo < 100 nA 


fr 180 MHz 


Ccso pF 


Ceso 12 pF 


BC 250 BC 260 


°C/W 
°C/W 


< 500 
< 200 


< 4201 


Admissible power dissipation 
versus temperature 


\ enc 200 °C/W 


weet 
NNT 
TINA 


200 


Ripa = 900 °C/ 
thA wee 


F ‘um 
PETE 


' Valid provided that leads are kept at ambient temperature at a distance 


of 2 mm from case. 
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BC 250, BC 260 


‘Common emitter Collector current versus 
collector characteristics base emitter voltage 


mA BC 250,BC 260 mA BC 250, 260 
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Collector cutoff current Relative DC current gain 
versus junction temperature versus collector current 
nA BC 250,BC 260 BC 250, 260 
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BC 250, BC 260 


BC 251...,BC 261...,BC 307... 


PNP Silicon Epitaxial Planar Transistors 


for switching and amplifier applications 


The transistors are subdivided into three groups A, B and C according to. 


their current gain. BC 256 and BC 266 are available in groups A and B 


only. BC 253, BC 263 and BC 309 are low noise types. 


max.3 


max.05 % 125 


BC 251, BC 252, BC 253, BC 256, 
BC 307, BC 308, BC 309 


Green plastic package ~ TO-92, 
TO-18 compatible. 

The case is impervious to light 
Weight approximately 0.18 g 
Dimensions in mm 


Maximum Ratings 


Collector emitter voltage —Vces 
Collector emitter voltage —V ceo 
Emitter base voltage —Vego 
Collector current —Ic 
Peak collector current —Icn 
Base current —I/p 
Base peak current —IlBm 
Power dissipation Prot 


Junction temperature T; 
Storage temperature range Ts 


max05% 


BC 261, BC 262, BC 263, BC 266 


Metal case JEDEC TO-18 


Collector connected to case 
Weight approximately 0.35 g 


‘Dimensions in mm 


BC 251 BC 252 BC 256 
BC 261 BC 253 BC 266 


BC 307 BC 262 
BC 263 
BC 308 
BC 309 


50 30 64 


TO-92 TO-18 
300" 300 
150 175 


—55...7150 —55...+-175 


°C 


°C 


‘ Valid provided that leads are kept at ambient temperature at a distance 


of 2 mm from case. 
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BC 251. 


Characteristics at Tomp = 25°C 
h-Parameters at —Vce = 5V, 
—lc = 2 mA, f = 1 KHz 


Small signal current gain 
Input impedance 


Output admittance 
Reverse voltage transfer ratio 


DC current gain 

at —Vce = 5 V, —Ilc = 0.01 mA 
at-—Vce = 5V,-—Ilc =2mMA 

at —Vce = 5 V, —/lc = 100 MA 


Collector saturation voltage 
at—/c = 10mA, —/3 =1mA 
at —/c = 100 mA, —/3 = 5 mA 
Base saturation voltage 

at—/c = 10mA, —/s = 0.5 mA 
at —/c = 100 mA, —/3 = 5mA 


Base emitter voltage 
at -—Vce = 5V,-—-Ilc =2mA 


Collector cutoff current 


at —Vce = 25V 
at —Vcpe = 45 V 
at —Vce = 64V 


at —Vce = 25 V, 7; = 125 °C 
at —Vce = 45 V, T; = 125°C 
at —Vce = 64 V, T; = 125°C 


Collector emitter 
breakdown voltage 
at —Ices = 10 uA 
at —lcekp = 2MA 


Emitter base breakdown 
voltage at —/ego = 10 vA 


., BC 261... BC 307... 


Current gain group 
A B Cc 


hte 220  ~—«- 330 600 
(125 ..260) (240..500) (450. .900) 


hie 2.7 4.5 8.7 
(1.6..4.5) (3.2...8.5) (6...15) — k® 


Age 18(< 30) 35(< 60) 60(<110) umho 
Are 15-104 2:104 3-104 


hee 90 150 270 
hee 170 290 500 
hee 120! 200' 400' 
—VCE sat < 0.3 V 
—VcE sat 0.5' V 
| —VeBE sat 0.7 V 
—VpeE sat 0.85' V 
—Vee 0.62 
(0.55...0.7) V 
BC 252 BC251 BC 256 
BC 253 BC261 BC 266 
BC 262 BC 307 
BC 263 
BC 308 
BC 309 
—IcEs 2(< 15) — — nA 
—Ices — 2(<15) — nA 
—Ices — — 2(<15) nA 
—IcEs <4 — — uA 
—IceEs _ <4 — uA 
—IcEs a _ <4 uA 


—Vieryces > 30 > 50 >64 Vv 
—Visryceo > 25 > 45 > 64 V 


—VipryeBo => 5 Pas) 25 V 


' not valid for BC 253, BC 263 and BC 309 


307 


BC 251..., BC 261..., BC 307... 


Gain bandwidth product fr 130 MHz 
—Vce = 5V,—Ic = 10 mA, 

tf = 50 MHz 

Collector base capacitance Ccso <6 pF 


at —Vceo = 10 V, f = 1 MHz 


Emitter base capacitance Ceo 12 pF 
—Vepo = 0.5 V,f = 1 MHz 


BC 251, BC 252, BC 256, BC 261, 
BC 262, BC 266, BC 307, BC 308: 


Noise figure F 310 dB 
—Vce = 2V, —Ic = 0.2 mA, 
Rg = 2 kQ, f = 1 kHz 


BC 253, BC 263 and BC 309: 


Noise figure F < 4 dB 
—Vce = 2V, —Ic = 0.2 mA, 
Ro = 2 kQ, f = 1 kHz 


Noise figure F 2(< 4) dB 
—Vce = 2V, —Ilc = 0.2 mA, 
Re = 2 kQ, f = 30 Hz... 15 kHz 


Thermal resistance | TO-92 TO-18 
Junction to case Rihc  — < 200 °C/W 
Junction to ambient air Rtha << 4201 < 500 °C/W 
Admissible power dissipation | Admissible power dissipation 
versus temperature versus ambient temperature ' 


"mW BC 251...,BC 307... 


PINT | neatoren! BRCERE 
CEENTEEEE 
BRESLIRSEE 


0 lamp, 1c 100 200°C 0 —— imo100 200°C 


' Valid provided that leads are kept at ambient temperature at a distance 
of 2 mm from case. 
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BC 251... 


Pulse thermal resistance 
versus pulse duration 


107! 


10° 10-5 10° 10°3 10-2 107 1 «+10 1025 
—__+ {, 
Common emitter 
input characteristic 
LA BC 251...,BC 261...,BC 307. 
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BC 261...,BC 307... 


Pulse thermal resistance 
versus pulse duration 


°C/W BC 251...,BC 307. 


27 aan 
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10° 10° 10° 10°3 10% 107 1 


10 1025 
——— ty 
Collector current versus 
base emiiter voltage 
mA BC 251...,BC 261....BC 307. 
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BC 251..., 


DC current gain 
versus collector current 


BC 261..., 


Group A 


“We=SV 
—— typical 
—- limit 

at Tampz 25 OC 


DC current gain 
versus collector current 


= 
re) 
ao 4 
20 
—— typical 
— — limit 
at Tomb? 29 OC 
0 
10* mA 


BC 307... 


DC current gain 
versus collector current 


Common emitter 
collector characteristics 


BC 253,263 309 
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BC 251... 


Common emitter 
collector characteristics 


mA BC 251...,BC 261..., BC 307. 
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Common emitter 
collector characteristics 


mA BC 251...,BC 261....BC 307. 
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BC 261..., BC 307... 


Common emitter 
collector characteristics 


mA BC 251...,BC 261...,BC 307. 
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collector characteristics 
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Common emitter 
collector characteristics 
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Common emitter 
collector characteristics 
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BC 307... 


Common emitter 
collector characteristics 


BC 253 263,309 
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Common emitter 
collector characteristics 
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BC 251 


Collector saturation voltage 
versus collector current 


V BC 251....BC 261..., BC 307. 
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Collector base capacitance, 
Emitter base capacitance 
versus reverse bias voltage 


pF BC 251...,BC 261...,BC 307.. 


Se lao 45 “ERO 


BC 261 


— ..4 BC 307... 


Base saturation voltage 
versus collector current 


V BC 251... BC 261.., BC 307... 


wrt TTT 


Pe | 
ee Tee a ly 
a | Z| 
tle | 
06 oe a el 
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7 AEE 
POR eERSESE 
—— typical a 
——— limits 
at Tamp= 25 °C 
0 |. at i. 1 
01 2 5 1 2 5 10 2 5 10mMA 
ale 
Gain bandwidth product 
versus collector current 
MHz 


BC.2512, BC 261:..BC 307. 
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BC 251..., 


versus 
collector current 


BC 251..., BC 261..., BC 307... 


Noise figure 
versus collector current 


BC 253 263 309 
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BC 261... 


Relative h-parameters i 


BC 307... 


Relative h-parameters 
versus 
collector emitter voltage 


BC 251...,BC 261...,BC 307. 
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_ Noise figure 
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BC 251..., BC 261..., BC 307... 


Noise figure 
versus collector current 


dB BC 253 263 309 


Noise figure 
versus frequency 


dB BC 253, 263, 309 
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Collector cutoff current 
versus ambient temperature 


nA BC 251..., BC 261...,BC 307. - 
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BC 327, BC 328 


PNP Silicon Epitaxial Planar Transistors 

for switching and amplifier applications. Especially suitable for AF-driver 
stages and low power output stages. 

These types are subdivided into three groups —16, -25 and —40, according 
to their DC current gain. 

These transistors are available as complementary pairs BC 327/BC 337 or 
BC 328/BC 338. Matching conditions: The ratio of the DC current gains 
of a matched pair at |Vce] = 1 V, |/c| = 100 mA is less than 1.41. 


Green plastic package ~TO-92, 
TO-18 compatible. 


The case is impervious to light. = 
Weight approximately 0.18 g e 
Dimensions in mm 
125 

Maximum Ratings BC 327 BC 328 
Collector emitter voltage —Vces 50 30 V 
Collector emitter voltage —Vceo 45 25 V 
Emitter base voltage —VeBo 5 V 
Collector current = 800 mA 
Peak collector current —Icm 1 A 
Base current —lp 100 mA 
Power dissipation Prot 625 mW 
at Tamb = 25°C 
Junction temperature Tj 150 °C 
Storage temperature range /s —55...+ 150 oI @ 
Characteristics at Tgam,h = 25°C BC 327—16 BC327—25 BC 327—40 
DC current gain BC 328—16 BC 328—25 BC 328—40 
at —Vce = 1V, —/c= 100 mA hre 160 250 400 

(100...250) (160...400) (250...630) 
at —Vce = 1V, —/lc=300MA Are 130 200 320 
Thermal resistance Riha < 200 °C/W 


Junction to ambient air 


' Valid provided that leads are kept at ambient temperature at a distance 
of 2 mm from case. 
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BC 327, BC 328 


BC 327 BC 328 
Collector cutoff current 


at —Vce = 25 V —IcEs — 2(< 100) nA 
at —Vce = 45V —IcEs 2(<100) — nA 
at —Vce = 25V, Tamb = 125°C —Ices — < 10 uA 
at —Vce = 45 V, Tamb = 125°C 3 —Ices < 10 _ uA 
Collector emitter breakdown —ViBr)ceo > 45 > 25 V 
voltage at —lc = 10 mA 

Collector emitter breakdown —Visryces > 50 > 30 V 
voltage at —/-c = 0.1 mA 

Emitter base breakdown —V BR)EBO 25 V 
voltage at —/e = 0.1 mA 

Collector saturation voltage —VCE sat < 0.7 V 
at —[c = 500 mA, —/g = 50 mA 

Base emitter voltage —VpE < 1.2 V 
at —Vce = 1 V, —Ic = 300 mA 

Gain bandwidth product fr 100 MHz 
at —Vce = 5V, —Ilc = 10 MA 

f = 50 MHz 

Collector base capacitance Ccso 42 oF 


at —Vaec = 10V,f = 1 MHz 
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BC 327, BC 328 


Admissible power dissipation 
versus ambient temperature 
(see note on page 316) ~ 


W BC 327,328 
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Collector current 
versus base emitter voltage 
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Pulse thermal resistance 
versus pulse duration 
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BC 327, BC 328 


DC current gain DC current gain 
versus collector current versus collector current 


Group -16 Group -25 


—— typical 


--- limits 
at Tamb = 25°C 


es 
Lo 
Bead 
aoa 
= 


\ 
\ 


PA 
ee cale 


Co) 
nz 410 


101 1 10 10 103 mA 1071 1 10 10 103 mA 


—— Ip ————_—_——»-], C 


DC current gain Gain bandwidth product 
versus collector current versus collector current 
Group -40 MHz BC 327, 328 
1000 
= aH 
oo 
h 400 — 
F, 
oe a eee 
| 200 ee 
a” 
7 
- Lo 


BUS NEE: 


—— typical 


— —limits 


107 1 10 10 10°mA ; 


N V, 
ST pepe | 


2 5s 10 2 s 10% 2 s 10°>mA 


SS -Ic 


319 


BC 327, BC 328 


Common emitter 
collector characteristics 


mA BC 327, 328 


Common emitter 
collector characteristics 


mA BC 327, 328 
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Verge 


Common emitter 
collector characteristics 


mA BC 327, 328 
100 


ee PT, 


Ie 80 
| 60 


40 


PEPE 


20 


Collector saturation voltage 
versus collector current 


V BC 327,328 


--= limits 
at lamb = 25°C 


0.3 


02 


0.1 


BC 327, BC 328 © 


Base saturation voltage 
versus collector current 


V BC 327,328 
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BC 360, BC 361 


PNP Silicon Epitaxial Planar Transistors 

for switching and amplifier applications 

The type BC 360 is subdivided into three groups, —6, —10 and —16, the 
type BC 361 into two groups, —6 and —10, according to the DC current 
gain. | 

These transistors are available either as matched pairs or as complemen- 
tary pairs BC 340/BC 360 or BC 341/BC 361 resp. Matching condition: The 
ratio of the DC current gains of a matched pair at |Vce| = 5 V, |/c| = 50 mA 
is less than 1.25. 


Metal case JEDEC TO-39 
Collector connected to case 
Weight about 1 g 
Dimensions in mm 


max.05 ¢ 
Maximum Ratings BC 360 BC 361. 
Collector base voltage -—Vceo 40 60 V 
Collector emitter voltage —Vcro 40 60 V 
Emitter base voltage —Vesgo 5 5 V 
Collector current —Ic 500 mA 
Base current —Ig 50 mA 
Power dissipation 
at Tomb = 25°C Piot 0.8 W 
atTc ~=25°C Piot 3 W 
Junction temperature T; 200 Te 
Storage temperature range Ts —55...+200 °C 
Characteristics at T; = 25 °C BC 360-6 BC 360-10 BC 360-16 


BC 361-6 BC 361-10 
DC current gain 


at —-Vce = 5 V, —/lc = 0.1 mA hre 40 65 100 
at —Vce = 5 V, —/c = 50 mA hre 63 100 160 
(40...100) (63...160) (100...250) 
at —Vce = 5V, —/c = 500 mA hee 20 30 48 
Collector saturation voltage —VcE sat < 0.4 V 
at —/c = 150 mA, —/3 = 15 mA 
Base saturation voltage —V6<E sat 0.95 (< 1.2) V 


at —/c = 150 mA, —/s = 15 mA 


322 


Collector cutoff current 

at —Vce = 40 V 

at —Vce = 60 V 

at —Vce = 40 V, 7; = 150 °C 
at —Vce = 60 V, 7; = 150°C 


Collector emitter 
breakdown voltage 
at —/- = 0.1 mA 

at —/c = 30 mA 
(pulsed 200 us, 10) 


Gain bandwidth product 
at —Vce = 10 V, —/lc = 50 mA, 
f = 50 MHz 


Collector base capacitance 
at —Vca9o = 10 V, f = 1 MHz 


Emitter base capacitance 
at —Vego = 0.5 V, f = 1 MHz 


Thermal resistance 
Junction to ambient air 
Junction to case 


—IcEs 
—Ices 
—IceEs 
—IcEs 


BC 360, BC 361 


BC 360 
10 (< 100) 


10 (< 100) 


—Vigryces > 40 


—VBryceo > 40 

fr 250 
Ccso 6.5 
Ceso 25 
Rtha < 220 
Rac < 58 


BC 361 


- nA 
10 (< 100) nA 


— ; uA 
10(< 100) uA 


> 60 
> 60 


<< 


MHz 


pF 


pF 


°C/W 
°C/W 
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BC 360, BC 361 


Admissible power dissipation Pulse thermal resistance | 


versus temperature versus pulse duration 
W BC 360,361 °C/W BC 360,361 
5 
SERSEEREED ao ae 
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Common emitter Relative DC current gain 
collector characteristics versus collector current 
mA BC 360, 361 BC 360, 361 
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Collector current 
versus base emitter voltage 


mA BC 360,361 
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Gain bandwidth product 
versus collector current 


MHz BC 360,361 


BC 360, BC 361 


Collector saturation voltage 
versus collector current 


V BC 360, 361 
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BC 415, BC 416 


PNP Silicon Epitaxial Planar Transistors 
for use in high-quality, low-noise AF and DC amplifiers. Complementary types 
are the NPN transistors BC 413 and BC 414. 


These types are subdivided into three groups —6, -10 and -16, according 


to their DC current gain. 


Green plastic package ~ TO-92, 
TO-18 compatible. 

The case is impervious to light. 
Weight approximately 0.18 g 
Dimensions in mm 


Maximum Ratings 

Collector base voltage 
Collector emitter voltage 
Emitter base voltage 

Collector current 

Base current 

Power dissipation at Tomp =25°C 
Junction temperature 

Storage temperature range 


Characteristics at Tomp = 25°C 
h-parameters at —Vce = 5 V, 
—lc = 2mA,f = 1 kHz 


Small signal current gain 
Input impedance 


Output admittance 
Reverse voltage transfer ratio 


DC current gain 
at —Vce = 5 V, —/c = 0.01 mA 
at —Vce = 5V,—-—/lc =2mMA 


Fhermal resistance 
Junction to ambient air 


5 
E 
max.Q5% 125 
BC 415 BC 416 
—Vcso 45 50 V 
—Vceo 30 45 V 
—Vego 5 Vi. 
—Ic 100 mA 
—Ip 20 mA — 
Ptot 300' mW 
Tj 150 °C 
Ts —65...+150 id @ 
Current gain group 
A B Cc 
hte 222 330 600 
(125...260) (240...500) (450...900) 
hie 2.7 4.5 8.7 
(1.6...4.5) (3.2...8.5) (6...15)  kQ 
Noe 18(<30) 30(<60) 60(< 110) umho 
hr 1.5:104 2-104 3- 10-4 
hee 90(> 40) 150(> 100) 270 (> 100) 
hee 170 290 500 
(120...220) (180...460) (380...800) 
Rtha < 4201 °C/W 


' Valid provided that leads are kept at ambient temperature at a distance 


of 2 mm from case. 


BC 415, BC 416 


Collector saturation voltage 


at—/c = 10mA, —/3 = 0.5 mA —VCE sat 0.075 (< 0.25) V 
at —/c = 100 mA, —/g = 5 mA —VCE sat 0.25 (< 0.6) V 
Base saturation voltage —VBE sat 0.9 V 


at —/c = 100 mA, —/s = 5mA 


Base emitter voltage 


at —Vce = 5V, —!lc = 0.01 mA —Vpe 0.52 V 
at -—Vce = 5V, —Ic = 0.1 MA —Vpe 0.55 V 
at —Vce = 5V,—Ilc = 2mA —VeeE 0.65(0.55...0.75) V 
Collector cutoff current 

at —Vce = 30 V —IcBo < 15 nA 
at —Vcg = 30 V, Tamb = 150 °C —Icpo <5 uA 
Emitter cutoff current —IleBo < 15 nA 

-at—Veg = 4V 


BC 415 BC 416 


Collector emitter breakdown —Vipryceo > 30 > 45 V 
voltage at —/lc— = 10 mA 


Collector base breakdown —Viprycso > 45 > 50 V 
voltage at —/cg = 10 uA 

Emitter base breakdown —Vieryeso > 5 >>5 V 
voltage at —/eg = 10 pA 

Gain bandwidth product fr 200 MHz 
at —Vce = 5V, —lc = 10 mA, 

f = 100 MHz 

Collector base capacitance Ccso 4.5 pF 


at —Vcgo = 10 V, f = 1 MHz 


Noise figure F <2 dB 
at —Vce = 5 V, —Ic = 0.2 mA, 
Re = 2 kQ, f = 30 Hz... 15 kHz 


Equivalent noise EMF Vr < 0.11 uv 
(referred to base) 

at —Vce = 5 V, —Ilc = 0.2 mA, 

Re = 2kQ,f = 10...50 Hz 


Transistor Bandpass 
under Test Amplifier Filter AF-VTVM 


Neg. Feedback (G, =constant) 


Test circuit for equivalent noise EMF 
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BC 415, BC 416 


Admissible power dissipation Pulse thermal resistance 
versus ambient temperature versus pulse duration 
(see note on page 326) 


mW BC 415, 416 °C/W BC 415, 416 


10° 10° 10-4 10°3 107 107 1 10 1025 
SS Ip 
Collector current DC current gain 
versus base emitter voltage versus collector current 
mA BC 415,416 Group A 


“We=SV 

——— typical 

—— limit 

—-—limits at Tamtr 25 °C 
at Tomb = 25°C 
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DC current gain 
versus collector current 


Group B 
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BC 415, BC 416 


DC current gain 
versus collector current 


Group C 
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Common emitter 
collector characteristics 
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10°mA 


BC 415, BC 416 


Common emitter 
collector characteristics 
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Common emitter 
collector characteristics 
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Collector saturation voltage 
versus collector current 
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BC 415, BC 416 


Collector base capacitance, Gain bandwidth product 
Emitter base capacitance versus 
versus reverse bias voltage _ collector current 
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BC 415, BC 416 - 


Noise figure 
versus collector current 


dB BC 415, 416 
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BCY 78, BCY 79 


PNP Silicon Epitaxial Planar Transistors 
for switching and amplifier applications in commercial electronic design 


These Transistors are subdivided into four groups A, B, C and D according to 
their current gain. Type BCY 79 is available in groups A, B and C only. 


Metal case JEDEC TO-18 

Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 


max05¢ 
Maximum Ratings BCY78  BCY/79 
Collector emitter voltage —Vces 32 45 
Collector emitter voltage —Vcro 32 45 
Emitter base voltage —VeEBo 15 V 
Collector current —Ic 200 mA 
Base current —Ip 50 mA 
Power dissipation 
at Tart = 25°C Piot 390 mW 
atTc =45°C Piot 1 W 
Junction temperature _ | T; 200 °C 
Storage temperature range Ts —65....+200 °C 
Characteristics at Tamp = 25 °C 

Current Gain Group 

h-parameters at —Vce = 5V, 
—lc = 2mA, f = 1 kHz A B Cc D 
Small signal hie 200 260 330 520 
current gain (125...250) (175...350) (250...500) (350...700) 


Input impedance hie OT 2 36 4.5 75 kO 
| | (1.6...4.5)  (2.5...6) (3.2...8.5) : 


Output admittance Ao. 18(<30) 24(<50) 30(<60) 50(< 100) umho 


Reverse voltage Ae 15:104 2-104 2-104 3-104 
transfer ratio 
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BCY 78, BCY 79 


Current Gain Group 


A B 
DC current gain 
at -Vce = SV, hre 140 200 (> 30) 
—Ic = 10uA 
at -—Vce = 5V, hre 170 250 
—Ic =2mA (120...220) (180...310) 
at—Vce=1V, hre 180(>80) 260 
—lc =10mA (120...400) 
at -—Vce = 1V, hre > 40 > 45 
—/lc = 100 mA 
Base emitter voltage 
at —Vce = 5 V,—Ic = 10uA —Vee 
at -—Vce = 5V,—-Ilc =2mA —V pF 
at -—Vce = 1V,-—/c = 10MmA —Vee 
at —Vce = 1V, —/lc = 100 mA —VpeE 


Collector saturation voltage 
at —Ic = 10 mA, —/g = 0.25 mA —VceE sat 
at —/c = 100 mA, —/g = 2.5mA = —VceE sat 


Base saturation voltage 
at —/c = 100 mA, —/3 = 2.5mA = —VS5BE sat 


BCY 78 
Collector cutoff current 
at —Vces = 25 V ! —IcEs 2 (< 20) 
at —Vces = 35 V —Ices — 
at —Vces = 32 V —Ices < 100 
at —Vcrs = 45 V —IcEs — 
at —Vces = 25 V, Tomb = 150°C 3 —Ices < 10 
at —Vces = 35 V, Tomb = 150°C 9 —lIceEs _ 
at—Vce = 32V,—Vepe=0.2V, —Icey < 20 
Tomb = 100 °C 
at —Vce = 45 V, —Vee = 0.2 V, —Icey — 
Tomb = 100°C 
Emitter cutoff current —IleBo < 20 
at —Vegp = 4V 
Collector emitter 
breakdown voltage 
at —lc = 10 uA —Visryceo > 32 
at —/-c = 10 uA —Viprjyces > 32 
Emitter base —Vierjeso > 5 


breakdown voltage 
at—/e = 1uA 


Cc D 
270 (> 40) 340(> 100) 
350 500 
(250...460) (380...630) 
360 500 
(160...630) (240...1000) 
> 60 > 60 | 
0.55 V 
0.65 (0.6...0.75) Vv 
0.68 V 
0.75 V 
0.12 (0.06...0.25) y 
0.4 (0.2...0.8) V 
0.7 (0.6...0.85) Vv 
0.85 (0.7...1.2) Vv 
BCY 79 
= nA 
2 (< 20) nA 
= nA 
< 100 nA 
< 10 uA 
< 20 uA 
< 20 nA 
> 45 V 
> 45 V 
>5 V 
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BCY 78, BCY 79 


Gain bandwidth product fr 180 MHz 
—Vce = 5 V, —lc = 10 mA, 

f = 100 MHz 

Collector base capacitance Ccso 45(<7) pF 
—Vceo = 10 V, f = 1 MHz 

Emitter base capacitance Cego 11(<15) pF 
—Veso = 0.5 V, f = 1 MHz 

Noise figure F 2 (<6) dB 


—Vce = 5V, —Ilc = 0.2 mA, 
Ro = 2kQ, f = 1 kHz, Af = 200 Hz 
Thermal resistance 


Junction to ambient air Rtha < 450 °C/W 
Junction to case Rinc < 150 C/W 


Switching Times 


Test conditions: 
—Ilc:—Ilp, : lpg ~~ 10:1:1mMA, 
Ri = 5 kQ, Ro = 5 kQ, RAR, = 990 Q, Vaz — 3.6V 


Delay time ty 35 ns 
Rise time ty 50 ns 
Turn-on time ton 85 (< 150) ns 
Storage time | t; 400 ns 
Fall time tf 80 ns 
Turn-off time tott 480 (< 800) ns 


Test conditions: 
—Ic :—Ilg1 :!g2 = 100 : 10:10 mA, 
R; = 500 Q, Ro = 700 Q, R, = 98 2, Vag = 5 V 


Delay time . te 5 ns 
Rise time ty 50 ns 
Turn-on time ton 55 (< 150) ns 
Storage time t; 250 ns 
Fall time ty 200 ons 
Turn-off time tott 450 (< 800) ns 


Test Circuit for Switching Times 


to scope with 
O t, < Sns 


Zin =) 00kQ 


Rise time of input voltage 5 ns; pulse duty factor < 1%, 
generator impedance 50 Q 
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BCY 78, BCY 79 


Admissible power dissipation Pulse thermal resistance 
versus temperature versus pulse duration 


W BCY 78,79 
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BCY 78, BCY 79 


DC gurrent gain DC gurrent gain 
versus collector current versus collector current 
Group C Group D 
ro 
Vers =5 V Tomp=25 °C 
700 -e= amb~ 
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——— limit 
at Gmp= 25 
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Collector current versus Collector cutoff current 
base emitter voltage versus ambient temperature 
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ar BCY 78: -Yegq = 32 V 
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BCY 78, BCY 79 


Common emitter Common emitter 
collector characteristics collector characteristics 
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BCY 78, BCY 79 


Common emitter Common emiiter 
collector characteristics collector characteristics 
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BCY 78, BCY 79 


Collector base capacitance, Gain bandwidth product 
Emitter base capacitance versus collector current 
versus reverse bias voltage 


pF BCY 78,79 MHz BCY 78,79 
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BSW 72, BSW 73, BSW 74, BSW 75 


PNP Silicon Epitaxial Planar Transistors 
with high cutoff frequency, for high speed switching 


Metal case JEDEC TO-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 


max05% 


BSW 72 BSW 74 


Maximum Ratings BSW 73 BSW 75 

Collector base voltage —Vcso 40 75 V 
Collector emitter voltage —Vcro 25 40 

Emitter base voltage —VeEBo 5 | 

Collector peak current —lcom 500 mA 
Power dissipation 

at Tamb = 25 °C Prot 400 mW 
atTc =25°C Ptot 1.8 Ww 
Junction temperature T; 200 °C 
Storage temperature range Ts —50...+200 °C 


Characteristics at 7; = 25°C 

| BSW 72 BSW73 BSW74 BSW75 
DC current gain 
at —-Vce = 10 V, —/lc = 0.1 MA Are — 
at —Vce = 10 V, —lc =10mMA Are > 30 > 70 > 35 > 75 
at —Vce = 10 V, —Ilc = 150 MA Are 40...120 100...300 40...120 100...300 
at —Vce = 10 V, —lc = 500 mA Are — — > 20 > 40 


Collector saturation voltage 


at —lc = 150 mA, —/g = 15MA —VcE sat < 0.6 < 0.6 < 0.4 <0.4 V 
at —Ic = 500 mA, —/g = 50mA —VceE sat — _ < 1.6 <16 V 
Base saturation voltage 
at —Ilc = 150 mA, —/g = 15MA —VoBeE sat < 1.3 < 1.3 < 1.3 <1.3V 
at —/c = 500 mA, —/g = 50mMA —V3BE sat — — < 2.6 <26 V 
Collector cutoff current 

- at -—Vcg = 30 V —Icgpo << 100 <100 — — nA 
at —Vce = 50V —Ilcapo — — < 10 <10 nA 
at —Vcg = 30V, 7; = 125°C -—Icgo <100 < 100 — — uA 


at —Vcp = 50V, 7; = 125°C —Icso 
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BSW 72, BSW 73, BSW 74, BSW 75 


Emitter cutoff current 

at -—Vezg = 3V 

Gain bandwidth product 

at —Vce = 20 V, —I/c = 50 mA, 
f = 100 MHz 


Collector base capacitance 
—Vcseo = 10 V, f = 100 kHz 


Thermal resistance 
Junction to ambient air 
Junction to case 


Admissible power dissipation 
versus temperature 
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Pulse thermal resistance 
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<8 pF 
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BSW 72, BSW 73, BSW 74, BSW 75 


Common emitter 
Collector characteristics 
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BSW 72, BSW 73, BSW 74, BSW 75 


Relative DC current gain Relative DC current gain 
versus collector current versus collector current 


BSW 72,73 BSW 74,75 


“Yee =10V CHEE “esov | | tT | tt I 


hee feeble) | : 
Feetl0 mA) « 


eee 


AE 
lesen wtoil araled 
Pear 


10° 10? 109 mA 10” 10 107 10°mA 
oe Ic oa > -I¢ 
Base saturation voltage Collector cutoff current 
versus collector current versus junction temperature 
V BSW 72...75 BSW 72...75 


BSW 72,73: -Y%g=30V| | | 
BSW 74,75: -Vop -S0V| 


347 


BSW 72, BSW 73, BSW 74, BSW 75 


Collector base capacitance, 
Emitter base capacitance 
versus reverse bias voltage 


pF BSW 72...75 
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10 V 


Gain bandwidth product 
versus collector current 
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2 N 2904 2 N 2905 


PNP Silicon Epitaxial Planar Transistors 
with high cutoff frequency, for high speed switching 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.1 g 
Dimensions in mm 


Maximum Ratings 


Collector base voltage —Vcso 60 V 
Collector emitter voltage —V ceo 40 V 
Emitter base voltage —VeBo 5 V 
Collector current —I¢ 0.6 A 
Power dissipation | 

at Tamb = 25 °C | Prot 0.8 W 
atTc = 25°C Prot 3 W 
Junction temperature — T; 200 °C 
Storage temperature range Ts —65...+200 °C 


Characteristics at 7; = 25 °C 


2N 2904 2N 2905 
DC current gain 


at —Vce = 10 V, —/lc = 0.1 MA Are > 20 > 35 
at—Vce = 10 V, —/ic = 1MmA hee > 25 > 50 

at —Vce = 10 V, —/c = 10 mA hee > 35 > 75 

at —Vce = 10 V, —/c = 150 mA Age 40...120 100...300 
at —Vce = 10 V, —/- = 0.5A hee > 20 > 30 
Collector saturation voltage 

at —/c = 150 mA, —/g = 15 mA —VCE sat < 0.4 V 
at —Ic¢ = 500 mA, —Ip = 50mA —VceE sat < 1.6 V 
Base saturation voltage 

at —/lc = 150 mA, —/g = 15 mA —VBE sat < 1.3 V 
at —/c = 500 mA, —/g = 50 mA —VBE sat < 2.6 V 
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Collector cutoff current 

at —Vcg = 50V 

at —Vcg = 50V, Tomb = 150 °C 
at —Vce = 30 V, —Veg = 0.5 V 


Base cutoff current 
at —Vce = 30 V, —Veg = 0.5 V 


Collector base breakdown voltage 
at —lc = 10 uA 


Collector emitter breakdown voltage 
at -—/c = 10 mA 


Emitter base breakdown voltage 
at —/e = 10uA 


Gain bandwidth product 


2 N 2904, 2 N 2905 


—IcBo 
—IcBo 
—IcEy 
—lepy 
—V(BR)CBO 
—V/(BR)CEO 


—V(BR)EBO 


fr 


at —Vce = 20V, —/c = 50 mA, f = 100 MHz 


Collector base capacitance 
at —Vcgo = 10 V, f = 100 kHz 


Emitter base capacitance 
at —Vego = 2V, f = 100 kHz 


Thermal resistance 
Junction to ambient air 
Junction to case 


Delay time (see Fig. 1) 

Rise time (see Fig. 1) 

Turn-on time (see Fig. 1) 
Storage time (see Fig. 2) 

Fall time (see Fig. 2) 

Turn-off time (see Fig. 2) 

Total switching time (see Fig. 3) 


ty 
tott 


tiotal 


< 20 
< 20 
< 50 


< 50 
> 60 
> 40 
>5 
> 200 
<8 


< 30 


< 220 
< 58 


6 (< 10) 
20 (< 40) 
26 (< 45) 
50 (< 80) 
20 (< 30) 
70 (< 100) 
12 


Curves and characteristics of types BSW 72...75 are valid analogously 


for types 2 N 2904 and 2 N 2905. 


- 30V +15V 


tp < 200 ns tp <200ns 


100 
* 
-16V -30V 
ie 1k 
0 0 


50 


Fig. 1: Test circuit Fig. 2: Test circuit 
for turn-on time, for turn-off time, 
saturated operation saturated operation 


Fig. 3: Test circuit 
for non-saturated 
operation 
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2 N 2904 A, 2N 2905A 


PNP Silicon Epitaxial Planar Transistors 
with high cutoff frequency, for high speed switching 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1.1 g 
Dimensions in mm 


max.05 % 
Maximum Ratings 
Collector base voltage —VcBo 60 V 
Collector emitter voltage —VcEo 60 V 
Emitter base voltage —VeEBo SS) V 
Collector current =le 0.6 A 
Power dissipation 
at Tamb = 25°C Piot 0.8 W 
atTc =25°C Piot 3 W 
Junction temperature Tj 200 °C 
Storage temperature range Ts —65...+200 °C | 


Characteristics at 7; = 25°C 
2N2904A 2N 2905A 
DC current gain 


at —Vce = 10 V, —/c = 0.1 mA hre > 40 > 75 

at —Vce = 10 V, —/c = 1mMA Are > 40 > 100 

at —Vce = 10 V, —lc- = 10 mA hee > 40 > 100 : 
at —Vce = 10 V, —/lc = 150 mA Are 40...120 100...300 
at —Vce = 10V, -—/- =0.5A Are > 40 > 50 
Collector saturation voltage 

at —lc = 150 mA,. —/g = 15 mA —VCE sat <04 =. V 
at —/c = 500 mA, —/s = 50mA —VCE sat < 1.6 V 
Base saturation voltage 

at —lc = 150 mA, —/g = 15 MA —VBE sat < 1.3 V 
at —/c = 500 mA, —/g = 50mA —VBE sat < 2.6 V 
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2 N 2904 A, 2 N 2905 A: 


Collector cutoff current 


at —Vcp = 50V —IcBo 

at —Vcg = 50V, Tamp = 150 °C —IcBo 

at —Vce = 30 V, —Veg = 0.5V —IcEy 
Base cutoff current —legy 

at —Vce = 30 V, —Veg = 0.5 V 

Collector base breakdown voltage —V Br)cBo 
at—/c = 10uA 

Collector emitter breakdown voltage —V(BR)CEO 
at —lc = 10 mA 

Emitter base breakdown voltage —V(BR)EBO 
at —/e = 10 uA 

Gain bandwidth product ft 


at —Vce = 20V, —/c = 50 mA, f = 100 MHz 


Collector base capacitance Ccso 
at —Vcao = 10 V, f = 100 kHz 


Emitter base capacitance Ceso 
at —Veso = 2V, f = 100 kHz 


Thermal resistance 
Junction to ambient air Riha 
Junction to case Rinc 


< 10 


< 10 


< 50 


< 50 


> 60 


> 60 


> 5 


> 200 


<8 


< 30 


< 220 
< 58 


nA 
uA 
nA 


nA 


MHz 


pF 


DF 


°C/W 
°C/W 


Curves and characteristics of types BSW 72...75 are valid analogously 


for types 2 N 2904 A and 2.N 2905 A. 


Switching times 


Specifications for switching times of types 2 N 2904 and 2 N 2905 resp. 


apply to these types. 
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2 N 2906, 2 N 2907 


PNP Silicon Epitaxial Planar Transistors 
with high cutoff frequency, for high speed switching 


Metal case JEDEC TO-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 


max05¢ 
Maximum Ratings 
Collector base voltage —Vcso 60 V 
Collector emitter voltage —Vceo 40 V 
Emitter base voltage —VeBo 5 V 
Collector current —I¢c 0.6 A 
Power dissipation 
at Tanb = 25 7G Piot 0.4 W 
atTc =25°C Prot 1.8 Ww 
Junction temperature Tj; 200 °C 
Storage temperature range Ts —65...+200 °C 


Characteristics at 7; = 25°C 


DC current gain 2N2906 2N 2907 


at —Vce = 10 V, —/c = 0.1 mA hee > 20 > 35 
at —Vce = 10 V, —lc = 1mMmA Are > 25 > 50 
at —Vce = 10 V, —/c = 10 mA Are > 35 As 
at —Vce = 10 V, —/c = 150 mA hfe 40...120 100...300 
at —Vce = 10 V, —lc =0.5A Are > 20 > 30 
Collector saturation voltage 

at —Ilc = 150 mA, —/g = 15 mA —VCE sat < 0.4 V 
at —/c = 500 mA, —/g = 50 mA —VCE sat < 1.6 V 
Base saturation voltage 

at —Ic = 150 mA, —I/p = 15mA —VBE sat < 1.3 V 
at —/c = 500 mA, —/3, = 50mA —VBE sat < 2.6 V 
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2 N 2906, 2 N 2907 


Collector cutoff curent 

at —Vcg = 50V 

at —Vce = 50V, Tamb = 150 °C 
at —Vce = 30 V, —Veg = 0.5 V 


Base cutoff current 
at —Vce = 30 V, —Veg = 0.5 V 


Collector base breakdown voltage 
at —Ic = 10uA 


Collector emitter breakdown voltage 
at —lc = 10mA 


Emitter base breakdown voltage 
at —/e = 10 uA 


Gain bandwidth product 
at —Vce = 20V, —/c = 50 mA, f = 100 MHz 


Collector base capacitance 
at —Vcso = 10 V, f = 100 KHz 


Emitter base capacitance 
at —Vego = 2V, f = 100 kHz 


Thermal resistance 
Junction to ambient air 
Junction to case 


—IcBo 
—IcBo 
—IcEy 
—legy 
—V(BrR)cBo 
—V (BrR)CEO 
—V(BR)EBO 
fr 


Ccso 


Ceo 


Rina 
Rac 


< 20 
< 20 
< 50 
< 50 
> 60 
> 40 
> 5 


> 200 


nA 
WA 
nA 


nA 


MHz 


pF 


pF 


°C/W 
°C/W 


Curves and characteristics of types BSW 72...75 are valid analogously 


for types 2 N 2906 and 2 N 2907. 


Switching Times 


Specifications for switching times of types 2 N 2904 and 2 N 2905 resp. 


apply to these types. 
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2 N 2906 A, 2 N 2907 A 


| PNP Silicon Epitaxial Planar Transistors 


-with high cutoff frequency, for high speed switching 


Metal case JEDEC TO-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 


Maximum Ratings 
Collector base voltage 
Collector emitter voltage 
Emitter base voltage 
Collector current 

Power dissipation 

at Tamb = 25 °C 

atTc =25°C 

Junction temperature 


Storage temperature range 


Characteristics at 7; = 25°C 


DC current gain 

at —Vce = 10 V, —/c = 0.1 mA 
at —Vce = 10 V, —/c =1mA 
at —Vce = 10 V, —/c = 10mA 
at —Vce = 10 V, —/c = 150mA 
at -—Vce = 10 V, —/c = 0.5A 


Collector saturation voltage 
at —/c = 150 mA, —/g = 15 mA 
at —/lc = 500 mA, —/g = 50mA 


Base saturation voltage 


at —/c = 150 mA, —/g = 15 mA 
at —/c = 500 mA, —/g = 50mA 
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60 


—65...+200 °C 


2N 2906A 


> 40 
> 40 
> 40 
40...120 
> 40 


— © 


/\/\ 
Op 


N\/\ 
Si 
O 


2N 2907A 


> 75 
> 100 
> 100 
100... 300 
> 50 


2 N 2906 A, 2 N 2907 A 


Collector cutoff curent 


at —Vcp = 50V —IcBo 
at —Vce = 50 V, Tomb = 150°C —IcBo 
at —Vce = 30 V, —Vegp = 0.5 V —IcEy 
Base cutoff current —lepy 


at —Vce = 30 V, —Veg = 0.5V 


Collector base breakdown voltage —V(Br)CcBo 
at —Ic = 10 uA 


Collector emitter breakdown voltage —V(BR)CEO 
at —lc = 10 mA 


Emitter base breakdown voltage —V (BR)EBO 
at —le = 10uA 


Gain bandwidth product fr 
at —Vce = 20V, —/c = 50 mA, f = 100 MHz 


Collector base capacitance Ccso 
at —Vcgao = 10 V, f = 100 kHz 


Emitter base capacitance Cego 
at —Vego9 = 2V, f = 100 kHz 


Thermal resistance 
Junction to ambient air Rtha 
Junction to case Ritnc 


< 10 
< 10 
< 50 
< 50 
> 60 


> 60 


> 200 


<8 


< 30 


< 440 
< 97 


nA 
uA 
nA 


nA 


MHz 


pF 


DF 


°C/W 
°C/W 


Curves and characteristics of types BSW 72...75 are valid analogously 


for types 2 N 2906 A and 2 N 2907 A. 


Switching Times 


Specifications for switching times of types 2 N 2904 and 2 N 2905 resp. 


apply to these types. 
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2 N 3962, 2 N 3968, 2 N 3964 


PNP Silicon Planar Transistors 


designed for use in high-performance, low level, low noise amplifiers 
from audio to high frequency ranges. These units feature excellent 
DC current gain linearity from 1 vA to 50 mA. 


Type 2 N 3964 offers extremely small low-frequency noise figures over a 


wide range of source impedances. 


Metal case JEDEC TO-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 


Maximum Ratings 
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—VeeE sat 


max05¢ 


2N 3962 2N 3963 2N 3964 


Collector base voltage —Vcso 60 80 45 V 
Collector emitter voltage —Vceo 60 80 45 V 
Emitter base voltage —Veso 6 6 6 V 
Power dissipation 
at Tc = 25°C Piot 1.2 W 
Junction temperature Tj 200 °C 
Storage temperature range Ts —65...+200 i @ 
Static characteristics at T; = 25 °C 2 N 3962 2 N 3964 

2 N 3963 
DC current gain : 
at -—Vce = 5V, —lc=1uA hee 175 (> 60) 300 (> 180) 
at —Vce =5V, —lc = 10UA Are 210(100...300) 320 (250...500) 
at —Vce = 5V, —/c = 100 UA here 240(> 100) 330 (> 250) 
at -—Vce = 5V, —lc =1mA hre  260(100...450) 330(250...600) 
at —Vce = 5V, —lc = 10mA hee 280(> 100) 330 (> 200) 
at -—Vce = 5V, —Ilc = 50mA hre  260(> 90) 315 (> 180) 
at —Vce = 5V, —/c = 10 DA, hee 90(> 40) 160 (> 100) 
Tj; = —55 °C 
at —Vce = 5 V, —Ic = 50 mA, hee 150 (> 45) 190 (> 90) 
T; = —55 °C 
at—Vce = 5V, —/lc = 1mMA, here  375(< 600) 400 (< 800) 
T; = 100°C 
Collector saturation voltage 
at —/c = 10mA, —/g = 0.5mA —VCE sat 0.1 (< 0.25) V 
at —Ic = 50mA, —/g =5mA —VCE sat 0.16 (< 0.4) V 
Base saturation voltage 
at—/c = 10 mA, —/g = 0.5 mA —VBE sat 0.72 (< 0.9) V 
at —Ic = 50 mA, —/g = 5mA 0.81 (<< 0.95) V 


2 N 3962, 2 N 3968, 2 N 3964 


Collector cutoff current 


at—Vce = 40 V 
at —Vce = 50 V 
at—Vce = 70V 


at —Vce = 40 V, 7; = 150°C 
at—Vce = 50V, T; = 150°C 
at —Vce = 70V, T; = 150°C 


Emitter cutoff current 
at —Veg = 4V 


Collector base | 
breakdown voltage 
at—Ic = 10 uA 


Collector emitter 
breakdown voltage 
at —lc = 10 uA 
at-—/Ic =5mA 


Emitter base 
breakdown voltage 
at —/e = 10uA 


Thermal resistance 
Junction to ambient air 
Junction to case 


—Ices 
—IcEs 
—IcEs 
—IcEs 
—Ices 
—IceEs 


—lEBO 


—VBR)CBO 


—V(BR)CES 
—VBR)CEO 


—V(BR)EBO 


2N 3962 2N3963 2N 3964 


— — 0.5 (<< 10)nA 
0.5 (<10)— 2 nA 
— 0.5 (<< 10)— nA 
_ — 2(<10) uA 
2(<10) — — uA 
— 2(<10) — uA 


<10 < 10 < 10 nA 


> 60 > 80 > 45 V 


V 
D 
a) 
V 
3 
V 
& 
<< 


Riha < 480 °C/W 
Ritne < 150 °C/W 


Dynamic characteristics at Ton, = 25°C 


Collector base capacitance 
at—Vca9 = 5V 


Emitter base capacitance 
at —Vezo = 0.5 V 


Gain bandwidth product 


Ccso <6 pF 


Ceso < 15 pF 


at —Vce = 5V, —/c = 0.5 mA, f = 20 MHz 


2 N 3962 and 2 N 3963 
2 N 3964 


h-parameters at —Vce = 5 V, 
—Ilc =1mA,f = 1 kHz 


Small signal current gain 


Input impedance 
Output admittance 


Reverse voltage transfer ratio 


fr 
fr 


> 40 MHz 


> 50 MHz 
2 N 3962 2 N 3964 
2 N 3963 
300 360 


(100...550) (250...700) 


8(2.5...17) 10(6...20) kQ 
19(5...40) 25(5...50) wumho- 


<10:104 <10-104 
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2 N 3962, 2 N 3963, 2 N 3964 


2N 3962 2N 3964 
2 N 3963 

Noise figure 

at —Vce = 5V, —!c = 20 vA, Re = 10 kQ 


at Af = 30 Hz... 15 kHz F 1(<3) 0.7(< 2) dB 
at f = 10 Hz F — 3.5(< 8) dB 
at f = 120 Hz F 3(<10) 1.8(<4) dB 
at f = 1 kHz F 0.8 (<3) 0.5(< 2) dB 
at f = 10 kHz F 0.8 (<3) 0.5(< 2) dB 
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2 N 3962, 2 N 3963, 2 N 3964 


Admissible power dissipation Common emitter 

versus temperature collector characteristics 
W 2N 3962...2N 3964 mA 2N 3962...2N 3964 
2 20 


MAA ||| 
WI AAAs | | 
$4 au 


\eboes 150 °C/W 


N 
eee SCT 
aCe mNS 
*CCEPETEES 
' ine 


100 aah °C 0 30 40 50 V 
. lambs Ic SS lee 
Common emitter Collector cutoff current 
collector characteristics versus junction temperature 
mA 2N 3962...2N 3964 


ay 
id 
AC 
Re 
— 
BB 
a 
ft 
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2 N 3962, 2 N 3963, 2 N 3964 


DC current gain 
versus collector current 


2N3962, 63 


Collector saturation voltage 
Base saturation voltage 
versus collector current 


2.N 3962...2N 3964 


aril If 

ieee ote 
oa 
ae ss at 
Mi | 


ap | amb=100°C 
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DC current gain 
versus collector current 


2N3964 


Collector base capacitance, 
Emitter base capacitance 
versus reverse bias voltage 


pF 2N 3962...2 N 3964 


20 
free TL LL 
ES 


18 


2 N 3962, 2 N 3963, 2 N 3964 


Relative h-parameters 
versus collector current 


2 N 3962...2 N 3964 
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Relative h-parameters 
versus ambient temperature 


2N 3962...2N 3964 
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2N 3962, 2N 3963 


Contours of constant 
narrow band noise figure 


kQ  2N3962, 63 
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Contours of constant 
narrow band noise figure 


kQ 2 N 3962, 63 
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Wide band noise figure 


versus generator resistance 


dB 2 N 3962,63 


Equivalent input noise 
voltage and noise current 
_uV versus collector current 
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2 N 3964 


Contours of constant 
narrow band noise figure 
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2 N 4080, 2 N 4082 


PNP Silicon Epitaxial Planar Transistors 
for switching and amplifier applications from DC to RF 


Metal case JEDEC TO--39 
Collector connected to case 
Weight approximately 1 g 
Dimensions in mm 


max.05 ¢ 
Maximum Ratings 
Collector base voltage —Vcso 60 V 
Collector emitter voltage —VcEo0 60 V 
Emitter base voltage —VeBo 5 V 
Collector current —I¢ 1 A 
Power dissipation 
at ee = 25 2¢ Pio} 0.8 W 
atTc =25°C Prot 4 W 
Junction temperature Tj 200 °C 
Storage temperature range Ts —65...+200 °C 
Characteristics at T; = 25°C 
DC current gain 2N 4030 2N 4032 
at —Vce = 5V, —Ilc = 100A hee 80 (> 30) 150 (> 75) 
at —Vce = 5V, —Ilc = 100 mA hee 40...120 100...300 
at -—Vce = 5V, —Ilc =0.5A Are 60 (> 25) 110(> 70) 
at —Vce = 5V, —lc = 1 MA hee | > 15 > 40 
at —Vce = 5 V, —Ic = 100 mA, hfe 50 (> 15) 100 (> 40) 
Tj; = —55 °C 
Collector saturation voltage 
at —Ic = 150 mA, —/g = 15mA —VCE sat 0.1 (< 0.15) V 
at —Ic = 500 mA, —/g = 50mA —VceE sat 0.25 (< 0.5) V 
at —Ic = 1A, —/g = 100mA —VCE sat 0.5 (<1) V 
Base saturation voltage 
at —Ic = 150 mA, —/g = 15mA —VBE sai 0.8 (< 0.9) V 
at —Ic = 500 mA, —/g = 50mA —VBE sat 0.95 (< 1.1) V 
at —ic = 1A, —/g = 100 mA —VBE sat 1.05 (< 1.2) V 
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2 N 4080, 2 N 4032 


Collector cutoff current 


at —Vcp = 50 V —Icgo 0.2(< 50) nA 
at —Vcg = 50V, T; = 150°C —~Icgo 0.2 (<50) pA 
Emitter cutoff current —lEBo < 10 uA 
at—Veg =5V 

Collector base breakdown voltage —Viarycao > 60 V 
at —lc = 10 uA 

Collector emitter breakdown voltage —ViBr)ceo > 60 V 
at —lc = 10mA 

Emitter base breakdown voltage —Vierjeso > 5 V 
at —le = 10 nA 

Gain bandwidth product fr 150 (> 100) MHz 


at —Vce = 10 V, —/c = 50 mA, f = 100 MHz 


Collector base capacitance Ccgo 15(< 20) pF 
at —Vcao = 10 V 


Emitter base capacitance Cego 75(< 110) pF 
at —Vego = 0.5 V 


Thermal resistance 
Junction to ambient air Rina < 220 °C/W 
Junction to case . Rinc < 44 °C/W 


Curves and characteristics of types BC 160 and BC 161 are valid analo- 
gously for types 2 N 4030 and 2 N 4032. 


Switching Times 


Turn-on time . ton 27 (<_ 100) ns 
at —/c = 500 mA, —/g; = 50mA 


Storage time | ts 160 (<< 350) ns 
at —lc = 500 mA, —/s; =50mA, /g2 = 50mA 


Fall time t; 23(< 50) ns 
at —/c = 500 mA, —/3; = 50 mA, /p2 = 50mA 


Test Circuit for Switching Times 
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2 N 4031, 2 N 4083 


PNP Silicon Epitaxial Planar Transistors 


for switching and amplifier applications from DC to RF 


Metal case JEDEC TO-39 
Collector connected to case 
Weight approximately 1 g 
Dimensions in mm 


Maximum Ratings 


Collector base voltage 
Collector emitter voltage 
Emitter base voltage 
Collector current 


Power dissipation 
at Tomb = 25°C 
atTc =25°C 


Junction temperature 


Storage temperature range 


Characteristics at 7; = 25°C 


DC current gain 

at —-Vce = 5V, —/c = 100 LA 
at -—Vce = 5V, —/lc = 100 mA 
at -—Vce = 5V, —lc =0.5A 
at-—Vce = 5V, —lc=1A 

at —Vce = 5V, —/lc = 100 mA, 
Tj; = —55 °C 


Collector saturation voltage 
at —/lc = 150 mA, —/p = 15 mA 
at —/c = 500 mA, —/3g = 50mA 


Base saturation voltage 


at —/c = 150 mA, —/3 = 15 mA 
at —[c = 500 mA, —/g = 50 mA 


370 


—VcE sat 
—VcE sat 


—Vepe sat 
—VBE sat 


max.05 ¢ 
80 V 
80 V 
5 V 
{ A 
0.8 Ww 
4 W 
200 °C 
—65...4200 °C 
2N 4031 2N 4033 
80 (> 30) 150 (> 75) 
40...120 100...300 
60 (> 25) 110 (> 70) 
> 45 > 40 
50 (> 15) 100 (> 40) 


0.1(<0.15)  V 
0.25 (< 0.5) V 


0.8 (< 0.9) V 
0.95(<11)  V 


2 N 4031, 2 N 4083 


Collector cutoff current 


at —Vcep = 50V —Icpo 0.2(< 50) nA 
at —Vcg = 50V, 7; = 150°C —Icgo  0.2(<50) uA 
Emitter cutoff current —IeBO < 10 uA 
at—Veg = 5V 

Collector base breakdown voltage —Vierjcso > 80 V 
at —/c = 10 uA 

Collector emitter breakdown voltage —Vigriceo > 80 V 
at —/c =10mA 

Emitter base breakdown voltage —Visrjepo > 5 V 
at —/e = 10 uA 

Gain bandwidth product fr 150 (> 100) MHz 


at —Vce = 10 V, —/c = 50 mA, ¢f = 100 MHz 


Collector base capacitance Ccso 15(< 20) pF 
at —Vcg9 = 10 V 


Emitter base capacitance CeBo 75(< 110) pF 
at —Vegp9 = 0.5 V 


Thermal resistance 
Junction to ambient air Rtha < 220 °C/W 
Junction to case Rinc < 44 °C/W 


Curves and characteristics of types BC 160 and BC 161 are valid analo- 
gously for types 2 N 4031 and 2 N 4033. 


Switching Times 


Turn-on time ton 27(< 100) ns 
at —/c = 500 mA, —/s3; = 50 mA 


Storage time 2 160 (<< 350) ns 
at —/c = 500 mA, —/sg; = 50 mA, /g2 = 50mA 


Fall time tt 23(< 50) ns 
at —/c = 500 mA, —/g; = 50 mA, /g2 = 50mA 


Test Circuit for Switching Times 
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372 


PNP Silicon | 
High Frequency Transistors 


373 


BF 324 


PNP Silicon Epitaxial Planar Transistor 
- with extremely small feedback capacitance, designed for base-grounded 
FM RF amplifiers in the range of 100 MHz 


Green plastic case ~ TO-92 
TO-18 compatible. 


The case is impervious to light. 2 
Weight approximately 0.18 g 2 
Dimensions in mm 

max.05 9% 125 
Maximum Ratings 
Collector base voltage —V cso 30 
Collector emitter voltage —Vceo 30 V 
Emitter base voltage —VeRo 4 
Collector current —Ic 25 mA 
Base current 7 —lIp 5 mA 
Power dissipation at Tamb = 45°C Proj 9501 mW 
Junction temperature T; 150 °C 
Storage temperature range Ts —55...+4150 °C 
Characteristics at Tomb = 25 °C 
DC current gain | 
at —Vce = 10 VV, —/- = 1mA Age 45 
at —Vce = 10 V, —lc = 4mA Are 50 (25... 160) 
Base emitter voltage —VeeE 0.76 V 
at —Vce = 10 V, -lc = 4mA 
Collector emitter breakdown voltage —Visryceo > 30 V 
at -—/-c = 10mA 
Emitter base breakdowm voltage —Vierjepo => 4 V 
at —/e = 10uA 
Collector cutoff current —IcBo < 50 nA 
at —Vce = 30 V 
Thermal resistance 
Junction to ambient air Ritha © < 420 °C/W 


' Valid provided that leads are kept at ambient temperature at a distance 
of 2 mm from case. 
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Gain bandwidth product at f = 100 MHz 


at —Vce = 10 V, —lc = 1 mA 
at -—Vce = 10 V, —lc = 4mA 
at —Vce = 10 V, -—l- = 8mA 


Feedback capacitance 
at —Vcg = 10 V, Vee = O, f = 1 MHz 


Noise figure at —Vce = 10 V, 


—lc = 2mA,f = 100 MHz, Reo = 602 


Admissible power dissipation 
versus ambient temperature 
(see note on page 374) 


200°C 


fr 350 MHz 
fr 450 MHz 
fr 440 MHz 
Crp 0.1 pF 
F 3 dB 


Collector current versus 
base emitter voltage 


BF 324 
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BF 324 


Common emitter 
collector characteristics 


mA BF 324 
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Gain bandwidth product 
versus collector current 
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DC current gain 
versus collector current 


BF 324 
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Input admittance 
characteristic 


f = 100MHz 
I= ImA 
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Output admittance 
characteristic 


= Vee =0V 
f = 100MHz 
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BF 324 


Forward transconductance 
versus collector current 


BF 324 
200° 
= Vee = 10V 
f = 100MHz 
Fp 
100° 
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BF 450, BF 451 


PNP Silicon Epitaxial Planar Transistors 
designed for emitter-grounded AM and FM IF amplifier stages in which 
the negative pole of the supply voltage is grounded 


The BF 450 is designed for stages with AGC, and the BF 451 is designed | 
for stages without AGC. 


Green plastic case ~ TO-92 
TO-18 compatible. 


The case is impervious to light. ” 
Weight approximately 0.18 g 3 
Dimensions in mm 
max.05¢ 125 
Maximum Ratings 
Collector base voltage —Vcgo 40 
Collector emitter voltage —VcEo 40 
Emitter base voltage —VeEBo 4 | V 
Collector current —I¢c - 25 mA 
Base current —Ip 5 mA 
Power dissipation at Tamp = 25°C Prot 150! mW 
Junction temperature T; 125 °C 
Storage temperature range Ts —55...+150 °C 
Characteristics at Tam, = 25°C 
DC current gain | 
t—Vce = 10V,-/c = 1mA BF 450 re > 60 
| BF 451 hre > 30 

_ Collector base breakdown voltage —Visrycao => 40 | V 
at —!c = 10 uA 
Collector emitter breakdown voltage: —Visrjceo > 40 V 
at-—/c =2mA 
Collector cutoff current —IcBo < 50 nA 

—Vcp = 30V 

Thermal resistance Rtha < 660! °C/W 


Junction to ambient air 


' Valid provided that leads are kept at ambient temperature at a distance 
of 2 mm from case. . 
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Gain bandwidth product 


BF 450, BF 451 


at —Vce = 10 V, —/c = 1 mA, f = 100 MHz 


Feedback capacitance 
at —Vce = 10 V, —/c = 1mA, f = 1 MHz 


Real part of output admittance 
at —Vce = 10V, —/c = 1 mA, f = 0.5 MHz 


Noise figure at —Vce = 10 V, 
—lc = 1mA, f = 100 kHz, Re = 3009 


Admissible power dissipation 
versus ambient temperature 
(see note on page 378) 


mW 
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BF 450, BF 451 


Common emitter Gain bandwidth product 
collector characteristics versus collector current 
mA BF 450,451 MHz BF 450,451 
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PNP Silicon 
Power Transistors 
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BD 136, BD 188 


PNP Silicon Epitaxial Planar Power Transistors 
for AF driver stages in hifi equipment and for push-pull output stages 
matched with BD 135/137 as complementary pairs. 


These transistors are available either as matched pairs or as complemen- 
tary pairs BD 135/BD 136 or BD 137/BD 138. Matching condition: The 


typical ratio of the DC current gain of a matched pair at |Vce| = 2V, 
lIc| = 150 mA is 1.3 (max. 1.6). 


max.2,8 


Plastic case SOT-32 


Collector connected 05 
to metal base 

Weight approximately 1 g 

Dimensions in mm 

Maximum Ratings BD 136 BD 138 
Collector base voltage —Vcso 45 60 V 
Collector emitter voltage | —Vceo 45 60 V 
Emitter base voltage —Vezo 5 V 
Average collector current —Icav 0.5 A 
Peak collector current —lcm 1.5 A 
Power dissipation Ptot 6.5 WwW 
at Tc < 60°C 7 

Junction temperature Tj 425 °C 
Storage temperature range Ts —55...+4125 °C 


Characteristics at 7; = 25 °C 


DC current gain 
at -—Vce = 2V, —lc =5mA hee > 25 > 25 


VCE = 2V,-—Ic = 150 mA hre 40...250 40...160 
—Vce = 2V, —Ilc = 500 mA hee > 25 > 25 
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Base emitter voltage 
at —Vce = 2V, —/c = 500 mA 


Collector saturation voltage 
at —/c = 500 mA, —/, = 50 mA 


Collector cutoff current 
at —Vcg = 30 V 
at —Vcg = 30V, 7; = 125°C 


Emitter cutoff current 
at —Vezg = 5V 


Gain bandwidth product 
at -—Vce = 5V, —lc = 50mMmA 
f = 35 MHz 


Thermal resistance 
Junction to ambient air 
Junction to metal base 
Metal base to heat sink 


BD 136, BD 188 
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—leBo 
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BD 186, BD 188 


Admissible power dissipation Multiplier for admiss. power 

versus dissipation for non-periodic 

metal base temperature pulses versus pulse duration 
WwW BD 136,138 BD 136, 138 


P 


tot pmax 


P 


tot max 


co 
SURRRRREE 
SSC 
CoN 
Coo 
COON 
SRERCRRER 
CoN 
CCC 


0 200 °C 


| ONCE 
CAGE 


APRNEREERE 
BRANEEEEE 

LEE ENET TE TT 
AREES: 


Pulse thermal resistance Admissible collector current 
versus pulse duration versus collector emitter voltage 
°C/W : BD 136, 138 A BD 136,138 
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BD 136, BD 188 


Collector current Collector current 
versus base current versus base current 


Collector current versus DC current gain versus 
base emitter voltage collector current 
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BD 136, BD 138 


Common emitter Common emitter 
collector characteristics collector. characteristics 
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BD 140 


PNP Silicon Epitaxial Planar Power Transistor 
for AF driver stages in hifi equipment and for push-pull output stages 
matched with BD 139 as complementary pair. 


This transistor is available either as matched pair or as complementary 
pair BD 139/BD 140. Matching condition: The typical ratio of the DC cur- 
rent gain of a matched pair at |Vce| = 2V, |Ic| = 150 mA is 1.3 (max. 1.6). 


Plastic case SOT-32 
Collector connected 

to metal base 

Weight approximately 1 g 
Dimensions in mm 


Maximum Ratings 


Collector emitter voltage 
at Rge < 1 kQ 


Collector emitter voltage 
Emitter base voltage 
Average collector current 
Peak collector current 


Power dissipation 
at Tc < 60 °C 


Junction temperature 


Storage temperature range 


Characteristics at T; = 25°C 


DC current gain 

at —Vce = 2V, —lc =5mA 
at —Vce = 2V, —Ilc = 150 mA 
at —Vce = 2V, —/c = 500 mA 
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Fe 


FE 


125 


max.2.8 


05 


< 


s>r><< 


°C 


—55...+125 °C 


> 25 
40...160 
> 25 


Base emitter voltage 
at—Vce = 2V, —/Ic = 500 mA 


Collector saturation voltage 
at —/c = 500 mA, —/g = 50mA 


Collector cutoff current 
at —Vcg = 30 V 
at —Vcp = 30V, 7; = 125°C 


Emitter cutoff current 
at—Vrg = 5V 


Gain bandwidth product 
at —Vce = 5 V, —/c = 50 mA, 
f = 35 MHz 


Thermal resistance 
Junction to ambient air 
Junction to metal base 
Metal base to heat sink 


—Ve_E 


—Vce sat 


—IcBo 
—IcBo 


—lEBo 


fr 


Rtha 
Rthe 
Rincis 


<1 


< 0.5 


< 100 
< 10 


< 10 


75 


< 100 
< 10 
<1 


BD 140 


MHz 


°C/W 
°C/W 
°C/W 


391 


BD 140 


Admissible power dissipation 
versus 
metal base temperature 


Pulse thermal resistance 
versus pulse duration 
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103ms 


tot pmax 


Multiplier for admiss. power 
dissipation for non-periodic 
pulses versus pulse duration 


BD 140 
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Admissible collector current ° 
versus collector emitter voltage 


Te <60°C 
a) DC current 
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Collector current 
versus base current 


“p=2V 
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Collector current versus 
base emitter voltage 


BD 140 


DC current gain versus 
collector current 
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BD 140 


Common emitter 


collector characteristics 
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Base current versus 
junction temperature 
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Common emitter 
collector characteristics 


EN EN WN SNe ed 
Stee eNevee 
ies SRR ECR Se 
FHEEEA NE AENE 
Bee NAN 


PAU IN Se ae 
IT OR NINE 


~ 


SS aie 


Gain bandwidth product 
versus collector current 
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Accessories 
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Accessories 


Set of accessories No. 3 


Insulating washer Insulating bush 


comprising 


1 insulating washer No. 02 311 mica 
2 insulating bushes No. 02 321 polycarbonate 


for insulated mounting of TO-3 transistors 

Weight of kit approx. 0.35 g 

If transistors are mounted insulated a good thermal contact has to be 
provided, e.g. by greasing the insulating washer with silicon grease. The 


thermal resistance Rinc rises approximately 0.5 °C/W by insulated mount- 
ing using accessory set No. 3. 


Dimensions in mm 
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Accessories 


Set of accessories No. 9 


Insulating washer Insulating bush 


comprising 


1 insulating washer No. 02 911 mica 
2 insulating bushes No. 02 321 polycarbonate 


for insulated mounting of SOT-9 transistors 

Weight of kit approx. 0.3 g 

If transistors are mounted insulated a good thermal contact has to be 
provided, i.g. by greasing the insulating washer with silicon grease. The 


thermal resistance Rinc rises approximately 0.5 °C/W by insulated mount- 
ing using accessory set No. 9. 


Heat sink KS 1 for TO-39 case 


fitting for all transistors in TO-39 case 


Material: black varnished bronze beryllium 
Weight approx. 2g 


Thermal resistance in free air 
Rin = 46 °C/W 


Dimensions in mm - 
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ITT Manufacturing 


Transistors described in this manual are only parts of the ITT semi- 
conductors manufacturing programme. A wide range of monolithic inte- 
grated circuits as well as diodes, thyristors and rectifiers of outstanding 
quality are at your disposal for your designs and your production. 


Worldwide basic research and specified development programmes at ITT 
factories in Germany, Europe and USA guarantee the most modern 
production methods. Rational large scale production ensures constant 
high quality standard at reasonable prices. 


ITT components are marketed worldwide. We are pleased to inform you 
of the address of your local ITT distributor. 


For information about the following components ask for your manual: 


TTL and DTL Digital Integrated Circuits 
Linear Integrated Circuits 

Integrated Circuits for Consumer Applications 
LSI Circuits in MOS Technology 
Germanium Gold Bonded Diodes 

Silicon Diodes 

Silicon Capacitance Diodes 

Silicon Diode Switches 

Silicon Zener Diodes 

Silicon Reference Elements and Amplifiers 
Silicon Rectifiers 

Silicon Thyristors 

Silicon 4-Layer Components 


All information given herein is subject to modification with respect to 
progress or errors. 


© 1972 International Telephone and Telegraph Corporation 


Printed in W.-Germany 

Imprimé dans la République Fédérale d’Allemagne 

Druckhaus Rombach + Co GmbH, 78 Freiburg i. Br., Lorracher StraBe 3 
Edition 1972/8 _ 

Order No. 6240-05-1E 


Semiconductors Supply Sources 


ITT semiconductors are marketed 


in the United Kingdom by 
ITT Semiconductors, Footscray, Sidcup, Kent 
Telephone 01-300-3333 Telex 21836 


in France by 

Société des Produits Industriels ITT 
Département Semiconducteurs INTERMETALL 
1, avenue Louis Pasteur 

92-Bagneux, 

Téléphone: 253-31 39 Telex: 26925 


in Germany by 

INTERMETALL 

Halbleiterwerk der Deutsche ITT Industries GmbH 
D-78 Freiburg, Postfach 840 

Telefon (07 61) *51 71 Telex 07-72 716 


Addresses of ITT Semiconductors sales outlets in the 
other European countries are available from 
INTERMETALL GmbH, D-78 Freiburg, Postbox 840 


Address of your local sales office/agent: 
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General Information 


NPN Silicon Transistors 


NPN Silicon 
High Frequency Transistors 


NPN Silicon 
Power Transistors 


PNP Silicon Transistors 


PNP Silicon — 
High Frequency Transistors 


PNP Silicon 
Power Transistors 


Accessories 
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